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RADIUM (7500-Ra)/Precipitation Method

1. Occurrence

7500-Ra A.

Radium is a radioactive member of the alkaline earth family
and is widely disseminated throughout the earth’s crust. It has
four naturally occurring isotopes—11.6-d radium-223, 3.6-d ra-
dium-224, 1600-year radium-226, and 5.75-year radium-228.
Radium-223 is a member of the uranium-235 series, radium:224
and radium-228 are members of the thorium series, and radium-
226 is a membet of the uranium-238 series. The contribution of
radium-228 (a beta-emitter) to the total radium alpha activity is
negligible because of the 1.9-year half-life of its first alpha-
emitting daughter product, thorium-228. The other three radium
isotopes are alpha-emitters; each gives rise to a series of relatively
short-lived daughter products, including three more alpha-emitters.

Because of their longer half-lives and health significance, ra-
ditim-226 and radium-228 are the most important radium isotopes
found in water. Radium is a bone-seeker and high concentrations
can lead to malignancies.

’Approved by Standard Methods Committee, 1993.
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7500-Ra RADIUM*

Introduction

2. Selec;tion of Method

The principles of the two common methods for measuring ra-
dium are (q) alpha-counting a barium-radium sulfate precipitate
that has been purified, and () measurement of radon-222 pro-
duced from the radium-226 in a sample or in a soluble concentrate
isolated from the sample.

The determination of radium by precipitation (Method B) in-
cludes all alpha-emitting radium isotopes; it is a screening tech-
nique particularly applicable to drinking water. As long as the
concentration of radium is less than the 2°Ra plus 22®Ra drinking
water standard, examination by a more specific method is seldom
needed. This method also is applicable to sewage and industrial
wastes, provided that steps are taken to destroy organic matter
and eliminate other interfering ions (see' Gross Alpha and Gross
Beta Radioactivity, Section 7110). However, avoid igniting sam-
ple ash or a fusion will be necessary.

The emanation technique (Method C), based on measurement
of radon-222, is nearly, but not absolutely, specific for radium-
226. Procedures for soluble, suspended, and total radium-226 are
given.

The sequential precipitation method (Method D) can be used
to measure either radium-228 alone or radium-228 and radium-
226.

7500-Ra B. Precipitation Method

1. General Discussion

“a. Application: This method is suitable for determination of
the alpha-emitting isétopes of radium.

b. Principle: Because of the difference in half-lives of the
nuclides in the series including the alpha-emitting Ra isotopes,
these isotopes can be identified by the rate of ingrowth and
decay of their daughters in a barium sulfate precipitate.'~* The
ingrowth of alpha activity from radium-226 increases at a rate
governed primarily by the 3.8-d half-life radon-222. The in-
growth of alpha activity in radium-223 is complete by the time
a radium-barium precipitate can be prepared for counting. The
ingrowth of the first two alpha-emitting daughters of radium-
224 is complete within a few minutes and the third alpha
daughter activity increases at a rate governed by the 10.6-h
half-life of lead-212. The activity of the radium-224 itself, with
a 3.6-d half-life, also is decreasing, leading to a rather compli-
cated ingrowth and decay curve.

Lead and barium carriers are added to the sample containing

‘Ikaline citrate, then sulfuric acid (H,SO,) is added to precipitate
: ‘?dium, barium, and lead as sulfates. The precipitate is purified
: y washing with nitric acid (HNO;), dissolving in alkaline EDTA,
and reprecipitating as radium-barium sulfate after pH adjustment

to 4.5. This slightly acidic EDTA keeps other naturally occurring
alpha-emitters and the lead carrier in solution.

2. Apparatus

a. Counting instruments: One of the following is required:

1) Internal proportional counter, gas-flow, with scaler and reg-
ister.

2) Alpha scintillation counter, silver-activated zinc sulfide
phosphor deposited on thin polyester plastic, with photomultiplier
tube, scaler, timer, and register; or

3) Proportional counter, thin end-window, gas-flow, with
scaler and register.

b. Membrane filter holder, or stainless steel or TFE filter fun-
nels, with vacuum source.* '

¢. Membrane filterst or glass fiber filters.t

3. Reagents

a. Citric acid, 1M: Dissolve 210 g H;C¢Hs0,-H,O in distilled
water and dilute to 1 L.
* Fisher Filtrator or equivalent.

1 Millipore Type HAWP or equivalent.
} No. 934-AH, diameter 2.4 cm, H. Reeve Angel and Co., or equivalent.
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b. Ammonium hydroxide, conc and 5N: Verify strength of old

N NH,OH solution before use.
¢. Lead nitrate carrier: Dissolve 160 g Pb(NOs), in distilled
ater and dilute to 1 L; 1 mL = 100 mg Pb.

d. Stock barium chloride solution: Dissolve 17.79 g
BaCl,-2H,0 in distilled water and dilute to 1 L in a volumetric
flask; 1 mL = 10 mg Ba.

e. Barium chloride carrier: To a 100-mL volumetric flask, add
20.00 mL stock BaCl; solution using a transfer pipet, dilute to
100 mL with distilled water, and mix; 1 mL = 2.00 mg Ba.

J. Methyl orange indicator solution.

8. Phenolphthalein indicator solution.

h. Bromcresol green indicator solution: Dissolve 0.1 g brom-
cresol green sodium salt in 100 mL distilled water.

i. Sulfuric acid, H,SO,, 18N.

J. Nitric acid, HNOs, conc.

k. EDTA reagent, 0.25M: Add 93 g disodium ethylenediamine-
tetraacetate dihydrate to distilled water, dilute to 1 L, and mix.

L Acetic acid, conc.

m. Ethyl alcohol, 95%.

n. Acetone. ,

o. Clear acrylic solution:§ Dissolve 50 mg clear acrylic in 100
mlL acetone.

p. Standard radium-226 solution: Prepare as directed in
Method C, Ys 3d-f, except that in § f (standard radium-226 so-
lution), add 0.50 mL BaCl, stock solution (Y 3a) before adding
the 226Ra solution; 1 mL final standard radium solution so pre-
pared contains 2.00 mg Ba/mL and approximately 3 pCi *2°Ra/
mL after the necessary correcting factors are applied.

Procedure for Radium in Drinking Water and for Dissolved
.adium

a. To 1 L sample in a 1500-mL beaker, add 5 mL 1M citric
acid, 2.5 mL conc NH,OH, 2 mL Pb(NO3), carrier, and 3.00 mL
BaCl, carrier. In each batch of samples include a distilled water
blank. '

b. Heat to boiling and add 10 drops methyl orange indicator.

c. While stirring, slowly add 18N H,SO, to obtain a permanent
pink color; then add 0.25 mL acid in excess.

d. Boil gently 5 to 10 min.

e. Set beaker aside and let stand until precipitate has settled (3
to 5 h or more).ll

J. Decant and discard clear supernate. Transfer precipitate to a
40-mL or larger centrifuge tube, centrifuge, decant, and discard
supernate. i

& Rinse wall of centrifuge tube with a 10-mL portion of conc
HNO,, stir precipitate with a glass rod, centrifuge, and discard
supernate. Repeat rinsing and washing two more times.

h. To precipitate, add 10 mL distilled water and 1 to 2 drops
phenolphthalein indicator solution. Stir and loosen precipitate
from bottom of tube (using a glass rod if necessary) and add 5N
NH,OH, dropwise, until solution is definitely alkaline (red). Add

§ Lucite or equivalent.
J| If original concentrations of isotopes of radium other than 225Ra are of interest,
note date and time of this original precipitation as the separation of the isotopes
from their parents; use a minimal settling time and complete procedure throug 1
vithout delay. Assuming the p e of and separation of p , decay of ““Ra
1224Ra begins at the time of the first precipitation, but ingrowth of decay prod-
is timed from the second precipitation (1 §). The time of the ﬁrstzgeci.pitmion
needed if the objective is to check the final precipitate for its ZRa content

nly.

RADIOACTIVITY (7000)

10 mL EDTA reagent and 3 mL 5N NH,OH. Stir occasionally
for 2 min. Most of the precipitate should dissolve, but a slight
turbidity may remain.

i. Warm in a steam bath to clear solution (about 10 min), but
do not heat for an unnecessarily long period.# Add conc acetic
acid drbpwise until red color disappears; add 2 or 3 drops brom-
cresol green indicator solution and continue to add conc acetic
acid dropwise, while stirring with a glass rod, until indicator turns
green (aqua).** BaSO, will precipitate. Note date and time of
precipitation as zero time for ingrowth of alpha activity. Digest
in a steam bath for 5 to 10 min, cool, and centrifuge. Discard
supernate. The final pH should be about 4.5, which is sufficiently
low to destroy the Ba-EDTA complex, but not Pb-EDTA. A pH
much below 4.5 will precipitate PbSO4.

Jj. Wash Ba-Ra sulfate precipitate with distilled water and
mount in a manner suitable for counting as given in Ys k, [, or m
following. .

k. Transfer Ba-Ra sulfate precipitate to a tared stainless steel
planchet with a minimum of 95% ethyl alcohol and evaporate
under, an infrared lamp. Add 2 mL acetone and 2 drops clear
acrylic solution, disperse precipitate evenly, and evaporate under
an infrared lamp. Dry in oven at 110°C, weigh, and determine
alpha activity, preferably with an intemal proportional counter.
Calculate net counts per minute and weight of precipitate.

L Weigh a membrane filter, a counting dish, and a weight (glass
ring) as a unit. Transfer precipitate to tared membrane filter in a
holder and wash with 15 to 25 mL distilled water. Place
membrane filter in dish, add glass ring, and dry at 110°C. Weigh
and count in one of the counters mentioned under § 2a above.
Calculate net counts per minute and weight of precipitate.

m. Add 20 mL distilled water to the Ba-Ra sulfate precipitate,
let settle in a steam bath, cool, and filter through a special funnel
with a tared glass fiber filter. Dry precipitate at 110°C to constant
weight, cool, and weigh. Mount precipitate on a nylon disk and
ring with an alpha phosphor on polyester plastic film,* and count
in an alpha scintillation counter. Calculate net counts per minute
and weight of pretipitate.

n. If the isotopic composition of the precipitate is to be esti-
mated, perform additional counting as mentioned in the calcula-
tion below.

0. Determination of combined efficiency and self-absorption
Jactor: Prepare standards from 1 L distilled water and the standard
radium-226 solution (¥ 3p preceding). Include at least one blank.
The barium content will impose an upper limit of 3.0 mL on the
volume of the standard radium-226 solution that can be used. If
x is volume of standard radium-226 solution added, then add (3.00
— x) mL BaC}; camier(§ 3e above). Analyze standards as sam-
ples, beginning with § 4a, but omit 3.00-mL BaCl, carrier.

From the observed net count rate, calculate the combined fac-
tor, bc, from the formula:

net cpm

be = A X 233 x pCi radum-226

tt

where:

ad = ingrowth factor (see below) multiplied by chemical yield.

# If solution does not clear in 10 min, cool, add another mL SN NHOH, let stand
2 min, and heat for another 10-min period.

** The end point is most easily determined by comparison with a solution of similar
composition that has been adjusted to pH 4.5 uvsing a pH meter.

11 See calculation that follows.
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RADIUM (7500-Ra)/Precipitation Method

If all chemical yields on samples and standards are not essentially
ual, the factor bc will not be a constant. In this event, construct
curve relating the factor bc to varying weights of recovered

BaSOs.

5. Calculation

net cpm

Radium, pCiL. = abcde X 2.22

where:

a = ingrowth factor (as shown in the following tabulation):

Ingrowth Alpha Activity

h from 2°Ra

0 1.000

1 1.016

2 1.036

3 1.058

4 1.080

5 1.102

6 1.124
24 1.489
48 1.905
72 2.253

= efficiency factor for alpha counting,
self-absorption factor,

[ '

b
[
d = chemical yield, and
e = sample volume, L.

The calculations are based on the assumption that the radium
is radium-226. If the observed concentration approaches 3 pCi/L,
it may be desirable to follow the rate of ingrowth and estimate
the isotopic content> or, preferably, to determine radium-226 by
radon-222.

The optimum ingrowth periods can be selected only if the ratios
and identities of the radium isotopes are known. The number of
observed count rates at different ages must be equal to or greater
than the number of radium isotopes present in a mixture. In the
general case, suitable ages for counting are 3 to 18 h for the first
count; for isotopic analysis, additional counting at 7, 14, or 28 d
is suggested, depending on the number of isofopes in mixture.
The amounts of the various radium isotopes can be determined
by solving a set of simultaneous equations.? This approach is most
satisfactory when radium-226 is the predominant isotope; in other
situations, the approach suffers from statistical counting errors.

6. Precision and Bias

In a collaborative study, 20 laboratories analyzed four water
samples for total (dissolved) radium. The radionuclide composi-
tion of these reference samples is shown in Table 7500-Ra:1. Note
_‘t’l;:t Samples C and D had a 2“Ra concentration equal to that of

Ra.
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TasLE 7500-Ra:L. CuEMICAL AND RADIOCHEMICAL COMPOSITION OF SAMPLES
Usep To DererMINE Bias AND PRECISION OF RADIUM-226 METHOD

Samples
Pair 1 Pair 2

Radionuclide

Composition A B C D
Radium-226,* pCi/L 1212 8.96 25.53 18.84
Thorium-228,* pCi/L none none 2590 19.12
Uranium, natural, pCi/L 105 77.9 27 20.5
Lead-210,* pCi/L 115 8.5 237 17.5
Strontium-90,* pCV/L 49.1 36.3 13.9 10.2
Cesium-137, pCi/L 50.3 372 127 9.5
NaCl, mg/L 60 60 300 300
CaS0O,, mg/L 30 30 150 150
MgClL-6H;0, mg/l. 30 30 150 150
KCl, mg/L 5 5 10 10

* Daughter products were in substantial secular equilibrinm.

The four resuits from each of two laboratories and two results
from a third laboratory were rejected as outliers. The average
recoveries of radium-226 from the remaining A, B, C, and D
samples were 97.5, 98.7, 94.9, and 99.4%, respectively. At the
95% confidence level, the precision (random error) was 28% and
30% for the two sets of paired samples. The method is biased
low for radium-226, but not seriously. The method appears sat-
isfactory for radium-226 alone or in the presence of an equal
activity of radium-224 when correction for radium-224 interfer-
ence is made from a second count.

For the determination of 2*Ra in Samples C and D, the results
of two laboratories were excluded. Hence the average recoveries
were 51 and 45% for Samples C and D, respectively. At the 95%
confidence level, the precision was 46% for this pair of samples.
The results indicated that the method for ?**Ra is seriously biased
low. When the recoveries for radium-224 did not agree with those
for radium-226, this may have been due, in part, to incomplete
instructions given in the method to account for the transitory na-
ture of *Ra activity. The method as given here contains foot-
notes calling attention to the importance of the time of counting.
Still uncertain is the degree of separation of radium-224 from its
patent, thorium-228, in ¥s 4a through g above.

Radium-223 and radium-224 analysis by this method may be
satisfactory, but special refinements and further investigations are
required.

7. References

1. KBy, HW. 1954. Decay and growth tables for naturally occurring
radioactive series. Anal. Chem. 26:1063.

2. Sui, C. 1960. Determination of radium-226, thorium-230, and
thorium-232. Rep. No. TID 7616 (Oct.), U.S. Atomic Energy Comm.,
Washington, D.C.

3. GoLbin, A.S. 1961. Determination of dissolved radium. Anal. Chem.
33:406.

4. Haurpen, N.A. & J H. HarLgy. 1960. An improved alpha-counting
technique. Anal. Chem. 32:1961.
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.- -‘Recovery of Barium (Radium-226) (Optional)

It *>Ba was added in reagent b, check recovery of Ba by re-
moving sample from bubbler, adjusting its volume appropriately,
gamma-counting it under standardized conditions, and comparing
the result with the count obtained from a 50-mL portion (evap-
orated if necessary to reduce volume) of dilute barium solution
also counted under standardized conditions; add 1 mL H3;PO, to
the latter portion before counting. The assumption that the Ba and
226Ra are recovered to the same extent is valid in the method
described.

. .Note that 2Ra and its decay products interfere slightly even
if-a gamma spectrometer is used. The technique works best when
the ratio of '*>Ba to #%Ra is high.

Determinations of recovery are particularly helpful with irre-
placeable samples, both in gaining experience with the method
and in applying the general method to unfamiliar media.

gy

8. Precision and Bias

In a collaborative study, seven laboratories analyzed four water
fiples for dissolved radium-226 by this method. No result was
j ted as an outlier. The average recoveries of added radium-
226 from Samples A, B, C, and D (below) were 97.1, 97.3, 97.6,
and 98.0%, respectively. At the 95% confidence level, the pre-

{:" Géneral Discussion

a. Application: This method can be used to determine soluble
radium-228 alone or soluble radium-228 plus radium-226.

. b: Principle: Radium-228 and radium-226 in water are concen-
trated and separated by coprecipitation with barium and lead as
-$iilfates and purified by EDTA chelation. After 36-h ingrowth of
4i:umum-228 from radium-228, actinium-228 is carried on yt-
trmm oxalate, purified, and beta-counted. Radium-226 in the su-

atant is precxpltated as the sulfate, purified, and alpha-counted

thod B) or it is transferred to a radon bubbler and determined
55/ the 'emanation procedure (Méethod C), which is the preferred
meéthod.

I dnalysis of radium-226 is not required, the procedure for
radium-228 may be terminated by beta-counting the yttrium ox-
alate precipitate with a fc'llow-up precipitation of barium sulfate
for’ yi¢ld detérmination. [f it is determined that radium-228 is
abséent, the radium-226 fractioh may be alpha-counted directly. If
I%Hm‘m 228 is present, radium-226 must be determined by radon
emanahon

€ Sampling and storage: To drinking water or a filtered sample

" of ¢ turbid water, add 2 mL conc nitric acid (HNO,)/L sample at

the time of collection or immediately after filtration.

2. Apparatus

a. Counting instruments: One of the following is required:
1) Internal proportional counter, gas flow, with scaler, timer,
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cision (random error) was 6% and 8% for tlie two sets of paired
samples. Because of the small number of participating laborato-
ries and the low values for random and total errors, there.was no
evidence of laboratory systematic errors. Neither radium-224 at
an activity equal to that of the radium-226 nor dissolved solids
up to 610 mg/L produced a detectable error in the results.

Test samples consisted of two pairs of simulated moderately
hard and hard water samples containing known amounts of added
radium-226 and other radionuclides. The composition of the sam-
ples with respect to nonradioactive substances was the same for
a pair of samples but varied for the two pairs. The radiochemical
composition of the samples is given in Table 7500-Ra:1.

9. References

1. Hursy, J.B. 1954. Radium-226 in water supplies of the U.S. J. Amer.
Water Works Assoc. 46:43.

2. Rusumno, D.E., W.J. Garcia & D.A. CLark. 1964. The analysis of
effluents and environmental samples from uranium mills and of bio-
logical samples for radium, polonium, and uranium. /» Radiological
Health and Safety in Mining and Milling of Nuclear Materials. Inter-
national Atomic Energy Agency, Vienna, Austria, Vol. 11, p. 187.

3. Lucas, HF. 1957. Improved low-level-alpha scintillation counter for
radon. Rev. Sci. Instrum, 28:680.

4. RusHiNg, D.E. 1967. Determination of dissolved radium-226 in water.
J. Amer. Water Works Assoc. 59:593.

7500-Ra D. Sequential Precipitation Method

and register; or a thin end-window (polyester plastic)* propor-
tional counting chamber with scaler, timer, register amplifier, and
preferably having an anticoincident system (low background).

2) Scintillation counter assembly: See § C.2a. This equipment
is necessary only if radium-226 is determined sequentially with
radium-228 and is analyzed by emanation of radon.

b. Centrifuge, bench-size clinical, with polypropylene tubes.

c. Filter funnels, for 2.4-cm filter papet.

d. Stainless steel pans, 5.1 cm.

e. Infrared drying lamp assembly.

[ Magnetic stirrer hot plate.

g Membrane filters, 47-mm diam, 0.45-pm pore diam.t

3. Reagents

a. Acetic acid, conc.

b. Acetone, anhydrous.

¢. Ammonium hydroxide, NH4OH, conc.

d. Ammonium oxalate solution: Dissolve 25 g (NH4),C,04 in
distilled water and dilute to 500 mL.

e. Ammonium sulfate solution: Dissolve 20 g (NH4),SO4 in a
minimum of distilled water and dilute to 100 ml..

f. Ammonium sulfide solution: Dilute 10 mL (NH,4),S (20 to
24%) to 100 mL with distilled water.

g Barium carrier standardized: Dissolve 2.846 g BaCl,.2H,0
in distilled water, add 0.5 mL conc HNOs, and dilute to 100 mL;
1 mL = 16 mg Ba.

* Mylar or equivalent.
t Gelman Ga-6 or equivalent.
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h. Citric acid, 1M: See Section B.3a.

i. EDTA reagent, 0.25M: See Section B.3k.

. Ethanol, 95%.

k. Lead carrier: Solution A: Dissolve 2.397 g Pb(NO;); in dis-
tilled water, add 0.5 mL conc HNO;, and dilute to 100 mL; 1 mL
= 15 mg Pb. Solution B: Dilute 10 mL Solution A to 100 mL
with distilled water; 1 mL = 1.5 mg Pb.

l. Methyl orange indicator solution: Dissolve 0.1 g methyl or-
ange powder in 100 mL distilled water.

m. Nitric acid, HNO3, conc, 6N, and 1N.

n. Sodium hydroxide, 18N: Dissolve 720 g NaOH in 500 mL
distilted water and dilute to 1 L.

o. Sodium hydroxide, 10N: Dissolve 400 g NaOH in 500 mL
distilled water and dilute to 1 L.

p. Sodium hydroxide, NaOH, 1N.

q. Strontium-yttrium mixed carrier: Solution A: Dilute 10.0 mL
yttrium carrier to 100 mL. Solution B: Dissolve 0.4348 g
Sr(NO3), in distilled water and dilute to 100 mL. Combine equal
volumes of Solutions A and B; ! mL = 0.9 mg Sr and 0.9 mg
Y.

r. Sulfuric acid, H,SO,, 18N.

s. Yurium carrier: Add 12.7 g Y,05 (Section 7500-Sr.B.3d) to
an erlenmeyer flask containing 20 mL distilled water. Heat to
boiling and, while stirring with a magnetic stirring hot plate, add
small portions of conc HNO;, (About 30 mL is necessary to dis-
solve the Y,0;. Small additions of distilled water also may be
needed to replace water lost by evaporation.) After total disso-
lution, add 70 mL conc HNO; and dilute to 1 L with distilled
water; 1 mL = 10 mg Y.

. Procedure
a. Radium-228:

1) For 1 L sample add 5 mL 1M citric acid and a few drops
methyl orange indicator. The solution should be red. Add 10 mL
lead carrier (Solution A), 2.0 mL barium carrier, and 2 mL yttrium
carrier; stir well. Heat to incipient boiling and maintain at this
temperature for 30 min.

2) Add conc NH4OH until a definite yellow color is obtained;
add a few drops excess. Precipitate lead and barium sulfates by
adding 18N H,SO, until the red color reappears; add 0.25 mL
excess. Add 5 mL. (NH,),80, solution/L. sample. Stir frequently
and hold at about 90°C for 30 min.

3) Cool and filter with suction through a membrane filter.
Quantitatively transfer precipitate to filter. Carefully place filter
in a 250-mL beaker. Add about 10 mL conc HNO; and heat
gently until the filter dissolves completely. Using conc HNO,
transfer precipitate to a centrifuge tube. Centrifuge and discard
supematant.

4) Wash precipitate with 15 mL conc HNO;, centrifuge, and
discard supernatant. Repeat wash and centrifuge again. Add 25
mL EDTA reagent, heat in a hot water bath, and stir well. Add
a few drops 10N NaOH if the precipitate does not dissolve readily.

5) Add 1 mL strontium-yttrium mixed carrier and stir thor-
oughly. Add a few drops 10N NaOH if any precipitate forms.
Add 1 mL (NH,),SO; solution and stir thoroughly. Add conc
acetic acid until BaSO, precipitates; add 2 mL excess. The pH

suld be about 4.5. Digest in a hot water bath (80°C) until pre-

itate settles. Centrifuge and discard supernatant.

6) Add 20 mL EDTA reagent, heat in a hot water bath, and
stir until precipitate dissolves. Repeat Step 5. Note time of last

RADIOACTIVITY (7000)

BaSO, precipitation as zero time for ingrowth of ?®Ac. Dissolve
precipitate in 20 mL EDTA reagent, add 0.5 mL yttrium carrier
and 1 mL lead carrier (Solution B). If any precipitate forms, dis-
solve by adding a few drops 10N NaOH Mix well, cap tube, and
age at least 36 h.

7) Add 0.3 mL (NH,4),S solution and mix well. Add 10N NaOH
dropwise with vigorous stirring until PbS precipitates; add 10
drops excess. Stir intermittently for about 10 min. Centrifuge and
decant supernatant into a clean tube.

8) Add 1 mL lead carrier (Solution B), 0. 1 mL (NH,),S solu-
tion, and a few drops 10N NaOH. Repeat precipitation of PbS.
Centrifuge and filter supernatant through filter paper? into a clean
tube. Wash filter with a few millilifers of distilled water. Discard
residue.

9) Add 5 mL 18N NaOH (make at least 2N in OH™). Because
of the short half-life of 222Ac (6.13 h) complete the following
procedure without delay. Mix well and digest in a hot water bath
until Y(OH); coagulates. Centrifuge and decant supernatant into
a beaker. Cover beaker and save supernatant for 22°Ra analysis,
9s b or ¢ below. Note time of Y(OH); precipitation; this is the
end of 228Ac ingrowth and beginning of *2%Ac decay. (f; = time
in minutes between last BaSO; and first Y(OH), precipitations.)
Dissolve precipitate in 2 mL 6N HNO,. Heat and stir in a hot
water bath about 5 min. Add 5 mL distilled water and reprecip-
itate Y(OH); with 3 mL 10N NaOH. Heat and stir in a hot water
bath until precipitate coagulates. Centrifuge and discard super-
natant.

10) Dissolve precipitate with 1 mL 1N HNO; and heat in hot
water bath for several minutes. Dilute to 5 mL with distilled water
and add 2 mL ammonium oxalate solution. Heat to coagulate,
centrifuge, and discard supernatant. Add 10 mL distilled water, 6
drops 1N HNO;, and 6 drops ammonium oxalate solution. Heat
and stir in a hot water bath for several minutes. Centrifuge and
discard supernatant. Transfer quantitatively to a tared stainless-
steel planchet using a minimum quantity of distilled water. Dry
under an infrared lamp to constant weight and count in a low-
background beta counter. (f;, = time in minutes between first
Y(OH); precipitation and counting.)

If analysis of radium-226 is not required, complete Steps bl)
and 3) below to obtain the fractional barium yield to be used in
calculating 22%Ra activity.

b. Radium by precipitation:

1) To the supernatant saved in ¥ a9) above add 4 mL conc
HNO; and 2 mL (NH,),SO, solution, mixing well after each ad-
dition. Add conc acetic acid until BaSO, precipitates; add 2 mL
excess. Digest on a hot plate until precipitate settles. Centrifuge
and discard supernatant.

2) Add 20 mL EDTA reagent, heat in a hot water bath, and
stir until precipitate dissolves. Add a few drops 10N NaOH if
precipitate does not dissolve readily. Add 1 mL strontium-
yttrium mixed carrier and 1 mL lead carrier (Solution B), and stir
thoroughly. Add a few drops 10N NaOH if any precipitate forms.
Add 1 mL (NH,),SO, solution and stir thoroughly. Add conc
acetic acid until BaSO, precipitates; add 2 mL excess. Digest in
a hot water bath until precipitate settles. Centrifuge, discard su-
pernatant, and note time.

3) Wash precipitate with 10 mL distilled water. Centrifuge and
discard supematant. Transfer quantitatively to a tared stainless-
steel planchet using a minimum quantity distilled water. Dry un-

§ Whatman No. 42 or equivaleat.
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-RADON (7500-Rn)/Introduction

ecay of the actinium fraction Z°Ra is found to be absent, make

a direct alpha count for 2°Ra. If 2®Ra is present, determine *°Ra
by radon emanation, ¥ ¢ below.

4) Count immediately in an alpha proportional counter.

¢. Radium-226 by radon: Transfer the final precipitate obtained
in' b above to a small beaker using a rubber policeman and 14
mL EDTA reagent. Add a few drops 10N NaOH and heat on a
hot plate to dissolve. Cool and transfer to a radon bubbler (Figure
.7500-Ra:1) rinsing beaker with 1 ml. EDTA reagent. Proceed as
in Method C beginning with 5a14).

. .4 an infrared lamp to constant weight. If after sufficient beta

5. Calculation
a. Calculation of ®**Ra concentration:

___C A 1 o
T2 XEVR T (I —e ™) T (1 —e ™) eM

| P RapCil
where:

C = average net count rate, Cpm,

E = counter efficiency, for 2*Ac,

V = sample volume, L,

R = fractional chemical yield of yttrium carrier, § 4a10), multiplied
by fractional chemical yield of barium carrier, ¥ 53),

o~

» .

7500-Rn A.

1. ‘Occurrence and Significance

. Radon-222 is a gaseous decay product of naturally occurring
radium-226. It is an alpha-emitter with a 3.82-d half-life, and
rofmally is of concern only in groundwater. It is considered to
.be carcinogenic, as-are its short-lived daughters. In household air,
radon may originate from radium in building materials and the
surrounding soil. Where radon concentration in the water supply
is high, the water also can be a major source of radon in house-
hold air. While radon dissolves readily in water and other sol-
vents, it is easily displaced from water by air; thus, aeration of
radon-bearing water in normal household uses can release a sig-
nificant fraction of the dissolved radon to the air.! 3

The average “?Rn concentration in community groundwater
systems in the U.S. is estimated to range from 200 to 600 pCi/
L,2-¢ with some individual wells having much higher concentra-
tions.

*Approved by Standard Mcthods Committee, 1996.
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A\ = decay constant of Z8Ac, 0.001 884/min,

t; = time between first Y(OH); precipitation and start of counting,
min,

1, = counting time, min, and

t; = ingrowth time of Z*Ac between last BaSO, precipitation and
first Y(OH); precipitation, min.

The factor A1o/(1 — e~™2) corrects average count rate to count
rate at beginning of counting time.

b. Calculation of 25Ra (plus any ?*Ra and **Ra) concentra-
tion: See Section B.S.

c. Calculation of *°Ra (emanation) concentration: See Section
C.6.
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" “tonium-239) with increasing solids thickness, first on the alpha
>au, then on the beta plateau. Plot the ratios of the two counts
t mg/cm? thickness, determine the alpha amplification fac-
M), and correct the amplified alpha count on the beta platean
for the sample.

_ net cpm on beta plateau
net cpm on alpha platean

If significant alpha activity is indicated by the sample alpha pla-
teau count, determine beta activity by counting the sample at the
beta plateau and calculating:

. _B~AM
Beta, PGl = S XD X ¥
where:

B = net beta counts at the beta plateau,
A = pet alpha counts at the alpha platean,
.M = alpha amplification factor (from ratio plot),

2.22 = dpm/pCi

D == beta counting efficiency, cpm/dpm and
V = sample volume, L.

Some gas-flow proportional counters have electronic discrim-
ination to eliminate alpha counts at the beta operating voltage.
For these instruments the alpha amplification factor will be less
than 1.

Where greater precision is desired, for example, when the count

pha activity at the beta plateau is a substantial fraction of the
dcounts per minute of gross beta activity, the beta counting
equals (E,2 4+ E,?)'?, where E, is the alpha counting error

and E; the gross beta counting ermror.

¢. Counting error: Determine the counting error, E (in pico-
curies per sample), at the 95% confidence level from:

£ 1960®
222

where o(R) is calculated as shown in Section 7020C.2, using
t; = f; (in minutes); and e, the counter efficiency, is defined and
calculated as in ¥ 14.

d. Miscellaneous information to be reported: In reporting ra-
dioactivity data, identify adequately the sample, sampling station,
date of collection, volume of sample, type of test, type of activity,
type of counting equipment, standard calibration solutions used
(particularly when counting standards other than those recom-

RADIOACTIVITY (7000)

mended in § 1d are used), time of counting (particularly if short-
lived isotopes are involved), weight of sample solids, and kind
and amount of radioactivity. So far as possible, tabulate the data
for ease of interpretation and incorporate repetitious items in the
table heading or in footnotes. Unless especially inconvenient, do
not change quantity units within a given table. Always report the
counting error to assist in interpretation of resuits.

6. Precision and Bias

In a collaborative study of two sets of paired water samples
containing known additions of radionuclides, 15 laboratories de-
termined the gross alpha activity and 16 analyzed gross beta ac-
tivity. The samples contained simulated water minerals of ap-
proximately 350 mg fixed solids/L. The alpha results of one
laboratory were rejected as outliers.

The average recoveries of added gross alpha activity were 86,
87, 84, and 82%. The precision (random error) at the 95% con-
fidence level was 20 and 24% for the two sets of paired samples.
The method was biased low, but not seriously.

The average recoveries of added gross beta activity were 99,
100, 100, and 100%. The precision (random error) at the 95%
confidence level was 12 and 18% for the two sets of paired sam-
ples. The method showed no bias.
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600/4-80-032.
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7110 C. Coprecipitation Method for Gross Alpha Radioactivity
' in Drinking Water

1. General Discussion:

Evaporation Method for Gross Alpha-Beta, 7110B, does
separate alpha-(or beta-) emitting radionuclides from the sam-

’s dissolved solids. For drinking water samples with high dis-

solved solids content, e.g., 500 mg/L or higher, Method 7110B is
severely limited because of the small sample size possible and
the very long counting times necessary to meet required sensitiv-
ity (3 pCi/L). The coprecipitation procedure eliminates the prob-
Iem of high dissolved solids and gives increased sensitivity.
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' with barium sulfate and iron hydroxide as carriers, thereby sep-

arating alpha-emitting radionuclides from other sample dissolved
golids. The combined precipitates are filtered and counted for al-
pha activity. Relatively large’ samples can be analyzed so that
sénsitivity is improved and counting time is minimized.
. b. Interferences: Allow at least 3 h for decay of radon progeny
before beginning the alpha count.

Soluble ions that coprecipitate and add to the mixed barium

" sulfate and iron hydroxide precipitate weights result in counting

i

St
7
Il

efficiencies that are biased low.
, Iron hydroxide precipitates collected on membrane filters with-
out a holding agent flake when dried and are easily lost from the
filter. Add 5 mg paper pulp fiber to the-sample to help secure the
iron hydroxide to the filter. Preferably use glass fiber filters be-
cause the surface glass fibers help to secure the precipitate.

¢. Calibration: Add at least 100 pCi standard alpha-emitter ac-
tivity to 500-mL portions of tap water in separate beakers. Add
2.5 mL conc HNO; to each beaker. Determine counting efficiency
{cpm/pCi) for the alpha-emitter by taking these known additions
through the procedure. Make at least six replicate determinations
to determine counting efficiency.’

Use 500-mL portions with no addition for blank corrections of
alpha activity in the tap water and reagents.

. P C. -G
Efficiency, cpm/pCi = oG

here:

C, = sample with added activity, mean cpm,
- Cp = mean blank ¢pm, and
... -pCi = activity added.

" Preferably use thorium 230 (a pure alpha-emitter) for gross
alpha efficiency calibration.* As noted in 7110B.1b, other alpha-
counting standards may be used.

27 Apparatus
" a' Hot plate/magnefic stirrer and stirring bars.
“b. Filter membranes, 47-mm diam, 0.45-pum pore size, or glass
fiber filters.t
¢ Drying lamp.
d. Planchets, stainless steel, 2-in. diam.

e. Alpha scintillation counter or low-background proportional
con’al,rer.

3. Reagents

a. Ammoniwn hydroxide, NH4OH, 6N.

b. Barium carrier, 5 mg Ba**/mL: Dissolve 4.4 g BaCl,-2H,0
in 500 mL distilled water.
. €. Bromocresol purple, 0.1%: Dissolve 100 mg water-soluble
reagent in 100 mL distilled water.

' Available from U.S. Environmental Protection Agency, Environmental Monitor-
ing Systems Laboratory, Nuclear Radiation Assessment Division, P.O. Box 93478,
-Las Vegas, NV 89193-3478.

t Gelman Type A/E, Millipore Type AP, or cquivalent.
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. a. Principle: All alpha-emitting radionuclides of interest
y ainly radium, uranium, and thorium isotopes) are coprecipitated

d. Iron carrier, 5 mg Fe**/mL: Dissolve 175 - g
Fe(NO3);-9H,0 in 200 mL distilled water containing 2 mL 16N
HNO;. Dilute to 500 mL. -

e. Sulfuric acid, H;SO4, 2N: Dilute 55 mL conc H,SO4to 1 L,
with distilled water.

[ Paper pulp/water mixture: Add a 0.5-g paper pulp pellet to
500 ml distilled water in a plastic bottle. Add 5 drops diluted
(1 +4) detergent. Cap bottie and stir vigorously for 3 h before
use. Stir mixture whenever a portion is taken.

g. Detergent: 1 part detergent + 4 parts distilled water.§

4. Procedure

To a sample of 500 mL to 1 L, or sample diluted to 500 mL,
add 5 drops of diluted detergent. Place sample on magnetic stirrer/
hot plate and, while stirring, gently add 20 mL 2N H,SO,. Boil
for 10 min to flush CO, (from carbonates and bicarbonates) from
sample. Radon also is flushed. Reduce temperature to below boil-
ing, continue stirring, and add 1 mL barium carrier solution. Con-
tinue stirring for 30 min. Add 1 mL bromocresol purple indicator
solution, 1 mL iron carrier solution, and 5 mL stirred paper pulp/
water reagent.

Continue stirring and add 6N NH,OH dropwise until there is a
distinct color change (yellow to purple). Continue warming and
stirring for 30 min. Filter sample through a glass fiber filter (or
membrane filter if further analysis is to be done). Quantitatively
transfer all precipitate to the filter. Wash precipitate with 25 mL
distilled water. Hold filter for 3 h for collected radon progeny to
decay. Dry filter at 105°C or under a mild heat lamp.

Count filter for gross alpha activity.

Prepare a reagent blank precipitate to determine reagent alpha
activity background.

5. Calculations

Gross alpha activity, pCi/L = E—E—V—C"

where:

E = counter efficiency, cpm/pCi,

V = volume analyzed, L,
C, = sample counts per minute, cpm, and
Cp = reagent blank, cpm.

6. Precision and Bias

In collaborative test with 18 laboratories participating,? gross
alpha activities for four different samples were calculated with
four different alpha-emitting radionuclide standard counting ef-
ficiencies. Thorium-230, a pure alpha-emitter, appeared to be the
best standard for gross alpha counting efficiency.

Water samples A, B, C, and D contained gross alpha concen-
trations of 74.0, 52.6, 4.8, and 10.0 pCi/L, respectively, at 3 h
after separation of alpha-emitting radionuclides by coprecipitation
with iron hydroxide and barium sulfate. Test results using the
thorium-230 counting efficiency showed coefficients of variation
for repeatability (within laboratory precision) of 7.9, 7.8, 8.7, and

} Rohm and Haas Triton N101 or Triton X100, or equivalent.
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" %%, respectively, for an average of 8.3%. Coefficients of vari-
n for reproducibility (combined within and between laboratory
ision) of 20.4, 16.8, 18.7, and 18.5%, respectively, were ob-
ed for an average of 18.6%.

A comparison of the 18 laboratory grand average results (cal-
culated with the 2°°Th counting efficiency) and known gross al-
pha particle concentrations showed accuracy indexes of 91.9,
99.4, 122, and 94.5%, respectively, for an average accuracy index
of 102%. The t-test for bias showed a significant positive bias for
Sample C but no significant bias for the other three samples.

RADIOACTIVITY (7000)
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7120 GAMMA-EMITTING RADIONUCLIDES*

7120 A.

For information about occurrence of natural and artificial ra-
dioactivity, see Section 7110A.1.

* Approved by Standard Methods Committee, 1997.

Introduction

7120 B. Gamma Spectroscopic Method

‘ieneral Discussion

a. Application: This method describes the use of gamma spec-
troscopy, using either germanium (Ge) diodes or thallium-acti-
vated sodium iodide [Nal(Tl)] crystals, for the measurement of
gamma photons emitted from radionuclides present in water. The
method is applicable to samples that contain radionuclides emit-
ting gamma photons with energies ranging from about 60 to 2000
KeV.

The method can be used for qualitative and quantitative deter-
minations with Ge detectors or for screening and semi-quantita-
tive and semi-qualitative determinations with [NaI(T1)] detectors.
Exact quantitation using Nal is possible for single nuclides or
when the gamma emissions are limited to a few well-separated
energies. Detection limits for typical counting systems range from
a few picocuries (pCi) of garama activity for a 100-min count to
approximately 100 pCi for a 5-min count, depending on counting
geométry and gamma ray energy and abundance.

Determine energy and efficiency calibrations for each detector
at several energies between 50 and 2000 KeV for the geometries
of interest. Gamma ray libraries'? for Ge spectrometry should
contain the nuclides and gamma ray lines most likely to be found
in water samples. Have computer software available to list the
contents of the library and to add more nuclides and gamma ray
lines to the library for peak search routines.

b. Principle: Because gamma spectroscopy is nondestructive,

possxble to analyze for gamma-emitting radionuclides without
) ing them from the sample matrix. This technique makes it
ble to identify and quantitate gamma-emitting radionuclides

when the gross beta screen has been exceeded or it is otherwise
necessary to define the contribution of gamma-emitters to the total
radioactivity present.

A homogeneous water sample is put into a standard geometry
for gamma counting. The counting efficiency for this geometry
must have been determined with a mixed energy gamma standard
containing known radionuclide activities. Sample portions are
counted long enough to meet the required sensitivity of measure-
ment.

The gamma spectrum is printed out and/or. stored in the appro-
priate computer-compatible device for data processing (calcula—
tion of sample radionuclide concentrations).

Consult a good text on gamma ray spectrometry® for a more
detailed discussion.

c. Sampling and storage: See Table 7010:1.

d. Interferences: Significant interference occurs when a sample
is counted with a NaI(TI) detector and the sample radionuclides
emit gamma photons of nearly identical energies. Such interfer-
ence is greatly reduced by counting the sample with a Ge detector.
Higher-energy gammas that predominate may completely mask
minor, less energetic photopeaks for both Ge and Nal detectors
by increasing the baseline or Compton continuum.

Interferences can occur with Ge detectors from cascade peak
sumining, which results when two or more gamma rays are emit-
ted in one disintegration, e.g., with cobalt-60, where 1172 and
1333 KeV gamma rays are emitted in cascade. These can be de-
tected together to produce a sum peak at 2505 KeV or a count in
the continuum between the individual peaks and the sum peak,
thus causing the loss of counts from one or both of the other two




Beta Particle and Photon Radioactivity
1. Method 7500-Sr B, “Precipitation Method (Strontium)”
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3. Method 7120, “Gamma Spectroscopic Method (Gamma-emitting Radionuclides)”
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standards and should have a nominal activity of ~8000 pCi/L.
Nace first QCCS immediately after first background and before
t sample. Place additional QCCS after every tenth sample in

ch, and final QCCS as last sample of the batch.

The relative percent difference (RPD) between sequential pairs
of QCCS samples must be less than or equal to the 20 counting
error or 10% of the known value of the QCCS sample, whichever
is greater, If RPD exceeds this value, recount the pair of QCCS
samples. If RPD is still unacceptable, standards and/or instrument
are suspect. Resolve problem and rerun samples between suspect
QCCS.

d. Records: Collect and maintain results from backgrounds, du-
plicate pairs, and QCCS standards in a bound notebook; include
date, results, name of analyst, and comments relevant to data eval-
uation.

Plot averages of backgrounds and QCCS standards on a control
chart for the counter,

7. Precision and Accuracy

A collaborative study of this method composed of 36 partici-
pants' produced the results shown below:

RADIOACTIVITY (7000)

Sample Conc. Accuracy Repeatability Reproducibility Bias

pCi/L % pCi/L pCi/L %
111 101-102 9 12 -0.7-2.3
153 102-103 10 1618 23-34
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7500-Sr TOTAL RADIOACTIVE STRONTIUM AND
STRONTIUM-90*

7500-Sr A. Introduction

The important radioactive nuclidés of strontium produced in
nuclear fission are *°Sr and %°Sr. Strontium-90 is one of the most
hazardous of all fission products. It decays slowly, with a half-
life of 28 years. Upon ingestion, strontium is concéntrated in the
bone. '

* Approved by Standard Methocls Committee, 1993,

The method presented: in this section is designed to measure
total radioactive strontium (3°Sr and °Sr) or %°Sr alone in drink-
ing water or in filtered raw water. It is applicable to sewage and
industrial wastes provided that:steps are taken to destroy organic
matter and eliminate other interfefing ions.

7500-Sr B. Precipitation Method

1. General Discussion

a. Principle: A known amount of inactive strontium ions, in
the form of strontium nitrate, ST(INO;),, is added as a ‘’carrier.”’
The carrier, alkaline earths, and rare earths are precipitated as the

carbonate to concentrate the radiostrontium. The carrier, along
‘/ith the radionuclides of strontium, is separated from other ra-
ioactive elements and inactive sample solids by precipitation as

St(NOs), from fuming nitric acid solution. The strontium carrier,
together with the radionuclides of strontium, finaily is precipitated
as strontium carbonate, SrCO,, which is dried, weighed to deter-
mine recovery of carrier, and measured for radioactivity. The ac-
tivity in the final precipitate is due to radioactive strontium only,
because all other radioactive elements have been removed. A cor-
rection is applied to compensate for losses of carrier and activity
during the various purification steps. A delay in the count will
give an increased counting rate due to the ingrowth of *°Y.

.,
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TOTAL RADIOACTIVE STRONTIUM & STRONTIUM-90 (7500-Sr)/Precipitation Method

b. Concentration techniques: Because of the very low amount
of radioactivity, a large sample must be taken and the activity
concentrated by precipitation. Sr(NOs), and barium nitrate,
Ba(NO,),, carriers are added to the sample. Sodium carbonate is
then added to concentrate radiostrontium by precipitation of al-
kaline earth carbonates along with other radioactive elements. The
supemnate is discarded. The precipitate is dissolved and reprecip-
itated to remove interfering radionuclides.

c. Interference: Radioactive barium (***Ba, '*°La) interferes in
the determination of radioactive strontium inasmuch as it precip-
jtates with the radioactive strontium. Eliminate this interference
by adding inactive Ba(NO;), carrier and separating this from the
strontium by precipitating barium chromate in acetate buffer so-
lution. Radium isotopes also are eliminated by this treatment.

In hard water, some calcium nitrate may be coprecipitated with
St(NO5), and can cause errors in recovery of the final precipitate
and in measuring its activity. Eliminate this interference by re-
peated precipitations of strontium as the nitrate followed by leach-
ing the Sr(NO3), with acetone (CAUTION).

For total radiostrontium, count the precipitate within 3 to 4 h
after the final separation and before ingrowth of *°Y.

d. Determination of °°Sr: Because it is impossible to separate
the isotopes 2°Sr and *°Sr by any chemical procedure, the amount
of %°Sr is determined by separating and measuring the activity of
%Y, jts danghter. After equilibrium is reached, the activity of *°Y
is exactly equal to the activity of *°Ss. Two alternate procedures
ate given for the separation of *°Y. In the first method, *°Y is
separated by extraction into tributyl phosphate from concentrated
nitric acid (HNOs) solution. It is back-extracted into dilute HNO;
and evaporated to dryness for beta counting. The second method
consists of adding yttrium carrier, separating by precipitation
as yttrium hydroxide, Y(OH)s, and finally precipitating yttrium
oxalate for counting.

2. Apparatus

a. Counting instruments: Use either an internal proportional
counter, gas-flow, with scaler, timer, and register; or a thin end-
window (polyester plastic film*) proportional or G-M counting
chamber with scaler, timer, register amplifier, and preferably hav-
ing an anticoincident system (low background).

b. Filter paper,t 2.4 cm diam; or glass fiber filters, 2.4 cm
diam.

c. Two-piece filtering apparatus for 2.4-cm filters such as TFE
filter holder,} stainless steel filter holder, or equivalent.

d. Stainless steel pans, about 50 mm diam and 7 mm deep, for
counting solids deposited on pan bottom. For counting precipi-
tates on 2.4-cm filters, use nylon disk with ring§ on which the
filter samples are mounied and covered by 0.25 mil film.

3. Reagents

a. Strontium carrier, 10 mg Sr**/mL, standardized: Carefully
add 24.16 g St(NOs), to a 1-L volumetric flask and dilute with
distilled water to the mark. For standardization, pipet three 10.0-
mL portions of strontium carrier solution into 40-mL centrifuge
tubes and add 15 mL 2NV Na,CO, solution. Stir, heat in a boiling

* Mylar, E.I. du Pont de Nemours, Wilmington, DE, or equivalent.
1 Whatman No. 42 or equivalent.

} Flurolon Laboratory, Box 305, Caldwell, NJ.

§ Control Molding Corp., Staten Island, NY, or equivalent.
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water bath for 15 min, and cool. Filter SrCO; precipitate through
a tared fine-porosity sintered-glass crucible of 15-mL size. Wash
precipitate with three 5-mL portions of water and then with three
5-mL portions of absolute ethanol (or acetone). Wipe crucible
with absorbent tissue and dry to constant weight in an oven at
110°C (20 min). Cool in a desiccator and weigh.

(mg SrCOs) (0.5935)
10

Sr, mg/ml =

b. Barium carrier, 10 mg Ba?>*/mL: Dissolve 19.0 g Ba(NO;),
in distilled water and dilute to 1 L.

¢. Rare earth carrier, mixed: Dissolve 12.8 g cerous nitrate
hexahydrate, Ce(NO;);-6H,0, 14 g zirconyl chloride octahydrate,
ZrOCl,-8H,0, and 25 g ferric chloride hexahydrate, FeCl;-6H,0,
in 600 mL distilled water containing 10 mL conc HCI, and dilute
tol L.

d. Yurium carrier: Dissolve 12.7 g yttrium oxide,} Y203, in 30
mL conc HNO; by stirring and warming. Add an additional 20
mL conc HNO; and dilute to 1 L with distilled water; 1 mL is
equivalént to 10 mg Y, or approximately 34 mg Y2(C;04)3-9H,0.
Determine exact equivalence by precipitating yttrium carrier in
acid solution according to §s 4¢2)-8), below or by extracting yt-
trium carrier in acid solution according to ¥s 4b3)-11), below.

e. Acetate buffer solution: Dissolve 154 g NH4C,H;0; in 700
mlL distilled water, add 57 mL conc acetic acid, adjust pH to 5.5
by dropwise addition of conc acetic acid or 6N NH,OH as nec-
essary, and dilute to 1 L.

[ Acetic acid, 6N.

8. Acetone, anhydrous.

h. Ammonium hydroxide, NH,OH, 6N.

i. Hydrochloric acid, HC], 6N.

Jj. Methyl red indicator, 0.1%: Dissolve 0.1 g methyl red in 100
mL distilled water.

k. Nitric acid, HNOs, fuming (90%), conc, 14N, 6N, and 0.1N.

1. Oxalic acid, saturated solution: Dissolve approximately 11 g
H;C,042H;0 in 100 mL distilled water.

m. Sodium carbonate solution, 1M: Dissolve 124 g
Na,CO5-H,0 in distilled water and dilute to 1 L.

n. Sodium chromate solution, 0.5M: Dissolve 117 g Na,CrOq
4H,O’in distilled water and dilute to 1 L.

o. Sodium hydroxide, 6N: Dissolve 240 g NaOH in distilled
water and dilute to 1 L.

p. Tributyl phosphate, reagent grade: Shake with an equal vol-
ume of 14N HNO; to equilibrate. Separate and discard the HNO;
washings. i

4, Procedure

a. Total radiostrontium:

1) To 1 L of drinking water, or a filtered sample of raw water
in a beaker, add 2.0 mL conc HNO; and mix. Add 2.0 mL each
of strontinm and barium carriers and mix well. (A precipitate of
BaSO, may form if the water is high in sulfate jon, but this will
cause no difficulties.) A smaller sample may be used if it contains
at least 25 pCi strontium. The suspended matter that has been

{l Yttrium oxide, Code 1118, American Potash and Chemical Corp., West Chicago,
IL, or equivalent. Yttrium oxide of purity less than Code 1118 may require puri-
fication because of radioactivity contamination.
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Figure 7500-Sr:1. Yttriumi-90 vs. strontium-90 activity as a function of
time.

filtered off may be digested [see Gross Alpha and Gross Beta
Radioactivity, 7110B.471)], diluted, and analyzed separately,

2) Heat to boiling, then add 20 mL 6N NaOH and 20 mL 1M
Na,CO,. Stir and let simmer at 90 to 95°C for about 1 h.

3) Set beaker aside until precipitate has settled (about 1 to 3

) Decant and discard clear supernate. Transfer precipitate to
mL centrifuge tube and centrifuge. Discard supernate.

5) Add, dropwise (CAuTiON—effervescence), 4  mL conc
HNOs. Heat to boiling, stir, then cool under running water.

6) Add 20 mL fuming HNO3, cool 5 to 10 min in ice bath,
stir, and centrifuge. Discard supemate.

7) Add 4 mL distilled water, stir, and heat to boiling to dissolve
the strontium. Centrifuge while hot to remove remaining insolu-
bles and decant supemate to a clean centrifuge tube. Add 2 ml,
6N HNOs, heat to boiling, centrifuge while hot, and combine
supernate with aqueous supernate. Discard insoluble residue of
Si0,, BaSO,, etc.

8) Cool combined supern.ltes then add 20 mL fuming HNO;,
cool 5 to 10 min in ice bath, stir, centrifuge, and discard super-
nate.

9) Add 4 mL distilled water and dissolve by heating. Repeat
Step 8) preceding.

10) Repeat Step 9) preceding if more than 200 mg Ca were
present in the sample.

11) After last HNO; precipitation, invert tube in a beaker for
about 10 min to drain off most excess HNO;. Add 20 mL an-
hydrous acetone, stir thoroughly, cool, and centrifuge. Discard
supernate (CAUTION).

12) Dissolve precipitate of S(NOs), + Ba(NOs); in 10 mL
distilled water and boil for 30 s to remove any remalmng ace-
tone.

13) Add 0.25 mL (5 drops) mixed rare earth carrier and pre-

itate rare earth hydroxides by making solution basic with 6N

OH. Digest in a boiling water bath for 10 min. Cool, centri-
e, and decant supernate to a clean tube. Discard precipitate.

RADIOACTIVITY (7000)

14) Repeat Step 13) preceding.

Note the time of rare earth precipitation, which marks the be-
ginning of the °°Y ingrowth period. Do not delay procedure.more
than a few hours after the separation; otherwise, false results will
be obtained because of ingrowth of *°Y.

15) Add 2 drops methyl red indicator and then add 6N acetic
acid dropwise with stirring until indicator changes from yellow
to red.

16) Add 5 mL acetate buffer solution, heat to boiling, and add
dropwise, with stirring, 2 mL Na,CrO, solution. Digest in a boil-
ing water bath for 5 min. Cool, centrifuge, and decant supernate
to a clean tube. Discard residue.

17y Add 2 mL 6N NaOH, add 5 mL 1M Na,CO; solution, and
heat to boiling. Cool in an ice bath (about 5 min) and centrifuge.
Discard supemnate.

18) Add 15 mL distilled water, stir, centrifuge, and discard
wash’ water.

19) Repeat Step 18), and proceed either as in Step 20)a) or
20)b), below. Save this precipitate if a determination of *°Sr is
required.

20) Either

a) Slurry precipitate with a small volume of distilled water and
transfer to a tared stainless steel pan; dry under an infrared lamp,
cool, weigh, and count# the precipitate of SrCO5;** or

b) Transfer precipitate to a tared paper or glass filter mounted
in a two-piece funnel. Allow gravity settling for uniform depo-
sition and then apply suction. Wash precipitate with three 5-mL
portions of water, three 5-mL. portions of 95% alcohol, and three
5-mL portions of ethyl ether or acetone. Dry in an oven at 110
to 125°C for 15 to 30 min, cool, weigh,** mount on a nylon disk
and ring with polyester plastic film cover, and count.

21) Calculation

b

T - N A
otal Sr activity, pCi/L adf X 222

where:

a = beta counter efficiency [see Step 22) below],
d= mg final SrCOs precipitate
mg SrCO; in 2 ml of carrier

= cotrection for carrier recovery [see Step 23) below],
f = sample volume, L,
b = beta activity, net cpm = (i/f)—k,
i = total counts accumulated,
t = time of counting, min, and

k = background, cpm.

22) Counting efficiency—As a first estimate, when mounting
sample according to Step 20)a), convert counts per minute to
disintegrations per minute, based on the beta activity of cesium-
137 standard solutions having a sample thickness equivalent to
that of the SrCO, precipitate. More precise measurements may
follow a second count after substantial ingrowth of **Y from S,
but this precision is not warmranted for the usual total radio-

# Strontium-90 in thick samples is counted with low efficiency; hence, a first count
within hours favors #°Sr counting, and a recount after 3 to 6 d that exceeds the
first count provides a rough estimate of the **Y ingrowth—see Figure 7500-Sr:1
and R.J. Velten (1966) below.
“Whenadetermmmonofmulmmuumnnmmqumd.weighpmcxpmw[Smp
20)a)ot20)b)]forcametreoovaybmdonotcountﬂmnpmoeedwxdl 98¢
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strontium determination. When mounting samples according to
Step 20)b), determine self-absorption curves by separately precip-
jtating standard solutions of 3°Sr and %°Sr as the carbonate (see
gross beta in Section 7110).

23) Correction for carrier recovery—20 mg Sr are equivalent

to 33.7 mg SrCO;. Should more than traces of stable strontium
be present in the sample, it would act as carrier; hence its deter-
mination by flame photometric or atomic absorption spectrometric
method would be required.
. b.. Strontium-90 by extraction of yttrium-90:11 Store SrCOs
precipitate, as in ¥ 4a20), for at least 2 weeks to.allow ingrowth
of 2°Y and then proceed as directed here or in an alternate pro-
cedure, in § 4¢ following.

1) Transfer of precipitate to separatory funnel—Either
.A) Place a small funnel upright into mouth of a 60-mL separ-
atory funnel; then place pan with precipitate, as in Step 20)a), in
funpel and add, dropwise, 1 mL 6N HNO; (CauTioN—e¢fferves-
cence); tilt pan to empty into funnel and rinse pan twice with 2-
mL portions of 6N HNOs; or

b) Uncover precipitate from filter, as in Step 20)b), and transfer
filter with forceps to upright funnel in mouth of 60-mL separatory
funnel as in § a) above. Dislodge bulk of precipitate into funnel

stem. Dropwise, add with caution 1 mL 6N HNO; to filter, re-

mhoving residual precipitate and dissolving bulk precipitate. Rinse
filter and funnel twice with 2-mL portions 6N HNO;.
~-2) Remove filter or pan and add 10 mL fuming HNO; to se-
patatory funnel through upright funne?.

3) Remove upright funnel and add 1 mL yttrium carrier in a

e separatory funnel.

4) Add 5.0 mL tributyl phosphate reagent, shake thoroughly
for 3 to 5 min, allow phases to separate, and transfer aqueous
1 yer to a sécond 60-mL separatory funnel.

" '5)" Add 5.0 mL tributyl phosphate reagent, shake 5 min, allow

: - phases to separate, and transfer aqueous layer to a third 60-mL

3

.

separatory funnel.

* 6) Combine organic extractants in the first and second funnels
into one funnel and wash organic phase twice with 5-mL portions
i}ﬂv HNO;. Record time as the beginning of *°Y decay (combire
adid washings with aqueous phase in third funnel if a second

I*" ingrowth of ™Y is desired).

7) Back-extract *°Y from combined organic phases with 10 mL

" 0.IN HNO, for 5 min.

.. +.8) Continue as in s 4c6)-8) below or transfer aqueous phase
from Step 7) immediately above into a 50-mL beaker and evap-

. omte on a hot plate to 5 to 10 mL.

£/ 9) Repeat Step 7) above and transfer aqueous phase to beaker

in,Step 8) preceding; evaporate to 5 to 10 mL.

+710) Transfer residual solution in beaker to a tared stainless steel

7 ¢Uyhtirig pan and evaporate.

11) Rinse beaker twice with 2-mL portions of 0.1N HNO;; add

= _ rinsings to counting pan, evaporate to dryness, and weigh.

*.12) Count in an internal proportional or end-window counter
and calculate *°Sr as given in ¥ 4¢9) following.

+:06. Strontium-90 by oxalate precipitation of yttrium-90:1t

* 1) Quantitatively transfer SrCO; precipitate to a 40-mL centri-

.. fuge tube with 2 mL 6N HNO,. Add acid dropwise during dis-

salntion (Caunion—effervescence). Use 0.1N HNO; for rinsing.

t1.See foomote to Step 20a) when a determination for only %Sr is required.
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2) Add 1 mL yttrium carrier, 2 drops methyl red indicator and,
dropwise, add conc NH,OH to the methyl red end point.

3) Add 5 mL more conc NH,OH and record the time, which
is the end of °Y ingrowth and the beginning of decay; centrifuge
and decant supemate to a beaker (save supernate and washings
for a second ingrowth if desired).

4) Wash precipitate twice with 20-mL portions hot distilled
water.

5) Add 5 to 10 drops of 6N HNQ,, stir to dissolve precipitate,
add 25 mL distilled water, and heat in a water bath at 90°C.

6) Gradually add 15 to 20 drops saturated oxalic acid reagent
with stirring and adjust to pH 1.5 to 2.0 (pH meter or indicator
paper) by adding conc NHOH dropwise. Digest precipitate for 5
min and cool in an ice bath with occasional stirring.

7) Transfer precipitate to a tared glass fiber filter in a two-piece
funnel. Let precipitate settle by grayity (for uniform deposition)
and apply suction. Wash precipitate in sequence with 10 to 15
mL hot distilled water and then three times with 95% ethyl al-
cohol and three times with diethyl ether.

8) Air-dry precipitate with suction for 2 min, weigh, mount on
a nylon disk and ring with polyester plastic film cover, count, and
calculate *°Sr as follows.

9) Calculation
w5y pCiL = —TELpm
St POl = e X 232
where:

a = counting efficiency for *°Y,

b = chemical yield of extracting or precipitating *°Y,

¢ = ingrowth correction factot if not in secular equilibrium,

d = chemical yield of strontium determined gravimetrically or by
flame photometry,

f = volume of original sample, L,

g = Y decay factor, e, and

e = base of natural logarithms,

A= 0.693""2, where T]/z for ”Y is 64.2 h, and

t = time between separation and counting, h.

5. Precision and Bias

In a collaborative study of two sets of paired, moderately hard
water samples containing known additions of radionuclides, 12
laboratories determined the total radiostrontium and 10 laborato-
ries determined *Sr. The results of one sample from one labo-
ratory were rejected as outliers.

The average recoveries of added total radiostrontium from the
four samples were 99, 99, 96, and 93%. The precision (random er-
ror) at the 95% confidence level was 10 and 12% for the two sets of
paired samples. The method was slightly biased on the low side.
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7500-2H A. Introduction

Tritium exists fairly uniformly in the environment as a result
of natural production by cosmic radiation and residual fallout
from nuclear weapons tests. This background level gradually is
being increased by the use of muclear reactors to generate elec-
tricity, although tritium from this source is only a small propor-
tion of environmental tritium. Nuclear reactors and fuel-process-
ing plants are localized sources of tritium because of discharges
during normal operation. This industry is expected to become the
major source of environmental tritium contamination in the fu-

* Approved by Standard Methods Committee, 1993.

ture. Tritium is produced in light-water nuclear reactors by ternary
fission, neutron capture in coolant additives, control rods and
plates, and activation of deuterium. About 1% of the tritium in
the primary coolant is released in gaseous form to the atmosphere;
the remainder eventually is released in liquid waste discharges.
Most tritium produced in reactors remains in the fuel and is re-
leased when fuel is reprocessed.

Naturally occurring tritium is most abundant in precipitation
and lowest in aged water because of its physical decay by beta
emission to helium. The maximum beta energy of tritium is 0.018
MeV and its half-life is 12.26 years.

7500-*H B. Liquid Scintillation Spectrometric Method

1. General Discussion

a. Principle: A sample is treated by alkaline permanganate dis-
tillation to hold back most quenching materials, as well as ra-
Yioiodine and radiocarbon. Complete transfer of tritiated water is

sured by distillation to near dryness. A subsample of distillate
ixed with scintillation solution and the beta activity is counted
‘Txcoincidence-type liquid scintillation spectrometer. The scin-
tillation solution consists of 1,4-dioxane, naphthalene, POPOP,
and PPO.* The spectrometer is calibrated with standard solutions
of tritiated water; then background and unknown samples are pre-
pared and counted alternately, thus nullifying errors that could
result from instrument drift or from aging of the scintillation so-
lution.

b. Interferences: Sample distillation effectively removeés non-
volatile radioactivity and the usual quenching materials. For
waters containing volatile organic or radioactive materials, use
wet oxidation (Section 4500-N,,,) to remove interference from
quenching due to volatile organic material. Distillation at about
pH 8.5 holds back volatile radionuclides such as iodides and bi-
carbonates. Double distillation with"an appropriate delay (10 half-
lives) between distillations may be required to eliminate interfer-
ence from volatile daughters of radium isotopes. Some clear-water
samples collected near nuclear facilities may be monitored satis-
factorily without distillation, especially when the monitoring in-
strument is capable of discriminating against beta radiation
energies higher than those in the tritium range. )

2. Apparatus

a. Liquid scintillation spectrometer, coincidence-type.
b. Liquid scintillation vial: 20-mL; polyethylene, low-K glass,
- equivalent bottles.

&.I 1,4-di-2-(5-phenyloxazolyl) benzene; PPO = (2,5- dipbqnyloxazole).

c. Distillation apparatus: 250-mL round-bottom distillation
flask, connecting side-arm adapter, condenser, and heating mantle.

3. Reagents

a. Scintillation solution: Thoroughly mix 4 g PPO, 0.05 g
POPOP, and 120 g solid naphthalene in 1 L spectroquality 1,4-
dioxane. Store in dark bottle. Solution is stable for 2 months.
Alternatively, use a commercially prepared scintillation solution
available from suppliers of liquid scintillation materials.

b. Low-background water: Usg water with no detectable tritium
activity (most deep well waters are low in tritium).

c. Standard tritium solution: Dilute available tritium standard
solution to approximately 1000 dpm/mL with low-background
water.

d. Sodium hydroxide, NaOH, pellets.

e. Potassium permanganate, KMnQ,.

4. Procedure

Add three pellets NaOH and 0.1 g KMnO, to 100 mL sample
in 250-mL distillation flask. Distill at 100 to 105°C, discard first
10 mL distillate, and collect next 50 mL. Thoroughly mix 4 mL
distillate with 16 mL scintillation solution in tightly capped vial.

Prepare low-background water and standard tritium solution in
same manner as samples.

Hold samples, background, and standards in the dark for 3 h.
Count samples containing less than 200 pCi/mL for 100 min and
samples containing more than 200 pCi/mL for 50 min.

5. Calculations and Reporting

a. Calculate and report tritium, >H, in picocuries per milliliter
(pCi/mL) or its equivalent, nanocuries per liter (nCi/L) as follows:

_ (C — B)
T(EX4X22)

3
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where:

C = gross counting rate for sample, cpm,

B = background counting rate, cpm,

E = counting efficiency, (S — B)YD,

S = gross counting rate for standard solution, cpm, and

D = tritium activity in standard sample, dpm, corrected for decay
to time of counting.

b. Calculate the counting error at the 95% confidence level
based on the equation for o(R) given in Section 7010G. A total
count of 40 000 within 1 h for a background count rate of about
50 cpm gives a counting error slightly in excess of 1% at the 95%
_confidence level.

6 Prgcision and Bias

" Samples with tritium activity above 200 pCl/mL can be ana-
lyzed with precision of less than +6% at the 95% confidence
level and those with 1 pCi/mL can be analyzed with a precision
of less than +10%.
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7500-U

A 7500-U A.

1. Occurrence

Uranium, the heaviest naturally occurring element, is a mixture
of three radioactive isotopes: uranium-238 (99.275%), uranium-
235 (0.72%), and uranium-234 (0.005%). Most dfirking-water
soufces, especially ground waters, contain soluble carbonates and
bicarbonates that complex and keep uranium in solution.

2, Selection of Method

Method B, a radiochemical procedure, determines total uranium
alpha activity without making an isotopic uranium analysis.
Method C is a radiochemical procedure that determines the iso-
topic content of the uranium alpha activity; it is consistent with
determining the differences among naturally occurring, depleted,
and enriched uranium.

FZ

* Approved by Standard Methods Committee, 1996.
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" %, respectively, for an average of 8.3%. Coefficients of vari-
n for reproducibility (combined within and between laboratory
ision) of 20.4, 16.8, 18.7, and 18.5%, respectively, were ob-
ed for an average of 18.6%.

A comparison of the 18 laboratory grand average results (cal-
culated with the 23°Th counting efficiency) and known gross al-
pha particle concentrations showed accuracy indexes of 91.9,
99.4, 122, and 94.5%, respectively, for an average accuracy index
of 102%. The r-test for bias showed a significant positive bias for
Sample C but no significant bias for the other three samples.

RADIOACTIVITY (7000)
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7120 GAMMA-EMITTING RADIONUCLIDES*

7120 A.

For information about occurrence of natural and artificial ra-
dioactivity, see Section 7110A.1.

* Approved by Standard Methods Committee, 1997.

Introduction

7120 B. Gamma Spectroscopic Method

.General Discussion

a. Application: This method describes the use of gamma spec-
troscopy, using either germanium (Ge) diodes or thallium-acti-
vated sodium iodide [NaI(T1)] crystals, for the measurement of
gamma photons emitted from radionuclides present in water. The
method is applicable to samples that contain radionuclides emit-
ting gamma photons with energies ranging from about 60 to 2000
KeV.

The method can be used for qualitative and quantitative deter-
minations with Ge detectors or for screening and semi-quantita-
tive and semi-qualitative determinations with [Nal(T1)] detectors.
Exact quantitation using Nal is possible for single nuclides or
when the gamma emissions are limited to a few well-separated
energies. Detection limits for typical counting systems range from
a few picocuries (pCi) of garnma activity for a 100-min count to
approximately 100 pCi for a 5-min count, depending on counting
geometry and gamma ray energy and abundance.

Determine energy and efficiency calibrations for each detector
at several energies between 50 and 2000 KeV for the geometries
of interest. Gamma ray libraries'? for Ge spectrometry should
contain the nuclides and gamma ray lines most likely to be found
in water samples. Have computer software available to list the
contents of the library and to add more nuclides and gamma ray
lines to the library for peak search routines.

b. Principle: Because gamma spectroscopy is nondestructive,

possible to analyze for gamma-emitting radionuclides without
ting them from the sample matrix. This technique makes it
ible to identify and quantitate gamma-emitting radionuclides

when the gross beta screen has been exceeded or it is otherwise
necessary to define the contribution of gamma-emitters to the total
radioactivity present.

A homogeneous water sample is. pt into a standard geometry
for gamma counting. The counting efficiency for this geometry
must have been determined with a mixed energy gamma standard
containing known radionuclide activities. Sample portions are
counted long enough to meet the required sensitivity of measure-
ment.

The gamma spectrum is printed out and/or stored in the appro-
priate computer-compatible device for data processing (calcula—
tion of sample radionuclide concentrations).

Consult a good text on gamma ray spectrometry’ for a more
detailed discussion.

c. Sampling and storage: See Table 7010:1.

d. Interferences: Significant interference occurs when a sample
is counted with a Nal(T1) detector and the sample radionuclides
emit ‘gamma photons of nearly identical energies. Such interfer-
ence is greatly reduced by counting the sample with a Ge detéctor.
Higher-energy gammas that predominate may completely mask
minor, less energetic photopeaks for both Ge and Nal detectors
by increasing the baseline or Compton continuum.

Interferences can occur with Ge detectors from cascade peak
summing, which results when two or more gamma rays are emit-
ted in one disintegration, e.g., with cobalt-60, where 1172 and
1333 KeV gamma rays are emitted in cascade. These can be de-
tected together to produce a sum peak at 2505 KeV or a count in
the continuum between the individual peaks and the sum peak,
thus causing the loss of counts from one or both of the other two

F ;iﬁll x’,h
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. Cascade summing (as distinct from random summing) is
%nbletry/counting efficiency dependent (but not count rate de-
pendent) with the effect, and hence error, increasing as tighter
geometries and more efficient detectors are used. This problem
has become more commonplace with the availability of larger,
more affordable, and more efficient Ge detectors.

Sample homogeneity is important to gamma count reproduci-
bility and counting efficiency validity. When sample radionu-
clides are adsorbed on the walls of the counting container, the
sample is no longer homogeneous. This problem can be lessened
by adding 15 mL 1N HNO,/L sample at collection.

Sample density and composition can affect data quality. Pre-
pare efficiency calibration standards in the same geometry and
density as the samples. Ensure reproducible sample geometry to
limit bias.* Plexiglass spacers may be useful in producing consis-
tent sample positions. Random noise produced by vibration or by
improper grounding can increase peak width and introduce ad-
ditional uncertainty.

e. Safety: No unusual hazards are associated with the reagents
used in this procedure. Follow routine safety precautions, i.e.,
wear laboratory coat, plastic gloves, and safety glasses and use a
hood, when transferring samples and standards and preparing
standards when solutions of gamma-emitting radionuclides are
used. Cool germanium diodes with liquid nitrogen when they are
being used to count samples. Take care when transferring liquid
nitrogen from the storage dewar to the dewar used to supply cool-
ant for the germanium diode. Use cryogenic gloves, protective
clothing, and eye protection.

. Apparatus

a. Detector, large-volume (> 50 cm?) germaninm-diode detec-
tor or 10.2-ctn X 10.2-cm (4-in. X 4-in.) thallium-activated so-
dium iodide crystal [Nal(T1)] detector. Smaller detectors may be
acceptable if inherent limitations, such as reduced counting effi-
ciency, are taken into account. Be sure that large detectors can
accommodate re-entrant (Marinelli) beakers. Germanium (Ge) de-
tectors are preferred because of better photon energy resolution.
Despite the possibly higher counting efficiencies of Nal(T1) de-
tectors, the considerably narrower peak shape from a Ge detector
leads to fewer baseline counts, thereby improving peak sensitivity.
Preferably do not use Nal(Tl) detectors to make both qualitative
and quantitative analyses for samples containing multiple gamma-
emitting radioisotopes; however, they are preferred if a single
nuclide is being quantitated. Ge detectors may be of either intrin-
sic (pure) germanium type or lithium-drifted germanium [Ge(Li)}
type. Both require use of liquid nitrogen for cooling when bias
voltage is applied to the detector.. Intrinsic Ge detectors can be
stored or shipped at ambient temperatures; Ge(Li) detectors must
be cooled with liquid nitrogen at all times to avoid damage to
detector.

b. Gamma-ray spectrometer plus analyzer with at least 2048
channels for Ge or 256 to 512 for Nal(Tl). See Section 7030B.5.

c. Counting container, standard geometry for either detector,
e.g., 0.5-L cylindrical container, 0.45-L or 4-L re-entrant (Mari-
nelli)* polyethylene beaker. Counting containers of other sizes
often are used.

d. Computer: Use a data acquisition system including a com-

' uter (PC, networked-PCs, or larger) supplied with software to
automate the processing of raw spectral data as outlined in Sec-

tions 4 and 5, below. Software should contain algorithms to: per-

form energy and efficiency calibrations; locate peaks (deconvo-
luting multiplets as needed; that may require a separate routine{s]
for low-resolution Nal counting data); perform peak integrations;
perform nuclide searches; do activity calculations (result, uncer-
tainty, and MDA); and manage the library reference information
needed to support these actions.

e. High-voltage power supply. )

f. Amplifier, suitable for spectroscopy with gain and shaping
time adjustments and baseline restoration.

8. Analog-to-digital converter and spectrum storage device.

3. Reagents

a. Distilled or deionized water, radon-free, for standard prep-
aration and sample dilution.
b. Nitric acid, HNOs, 1N.

4. Procedure

a. Energy calibration: Use NIST or NIST-traceable, or equiv-
alent standards. For a Ge system, adjust analyzer amplifier gain
and analog-to-digital converter zero offset to locate each photo-
peak in its appropriate channel. A 0.5- or 1,0-KeV per channel
calibration is recommended. If the system is calibrated for 1 KeV
per channel with channel zero representing 0 KeV, the energy
will be equal to the channel number. Check and adjust the pole
zero cancellation of the amplifier output if required.®

Use a standard containing a mixture of gamma energies from
about 100 to 2000 KeV for energy calibration. Multiline gamma
standards can be obtained commercially or can be prepared by
the user. Some laboratories use radium-226 and daughters in equi-
librium or europium-152 for this purpose. NIST SRM 4275 is a
solid source that is useful for energy calibration and routine mon-
itoring of instrument performance. Solid sources prepared on plas-
tic mounts are stable and are recommended. Count energy cali-
bration standards long enough to minimize uncertainty due to
counting statistics; as a rule of thumb accumulate 10 000 counts
in each photopeak area resulting in a counting error of 1%.

For a Nal(Tl) system, a 10- or 20-KeV per channel calibration
is adequate. A solid multipeak standard source, e.g., bismuth-207,
is satisfactory for energy calibration.

b. Efficiency calibration: Use NIST, NIST-traceable, or equiv-
alent standards with minimal cascade summing concerns. Use a
known amount of a multipeak standard or various radionuclides
that emit gamma photons with energies well spaced and distrib-
uted over the normal range of analysis; put these into each con-
tainer geometry and gamma count for a photopeak spectrum ac-
cumulation. Count efficiency calibration standards long enough
to minimize uncertainty due to counting statistics; as a rule of
thumb accumulate 10 000 counts in each photopeak area, result-
ing in a counting error of 1%.

Determine counting efficiencies for the various gamma ener-
gies (photopeaks) from the activity counts of the known-value
samples as follows:

where:

E = efficiency (expressed as counts per minute/gamma rays emitted
per minute),

C = net count rate, cpm (integrated counts in the photopeak above
the baseline continuum divided by the counting duration),
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dpm (corrected for decay, if necessary), and
B = gamma-ray abundance of the radionuclide being measured,

‘ A = activity of radionuclide added to the given geometry container,
gammas/disintegration

Plot counting efficiency against gamma energy for each con-
tainer geometry and for each detector that is to be used. For Nal
systems, prepare a library of radionuclide spectra from counts of
known radionuclide-water sample concentrations at standard sam-
ple geometries.

c le measurement: Measure sample portiont in a standard-
geometry container calibrated as directed in Ys a and b above.
Place container and sample on a shielded Ge or Nal(T1) detector
and gamma count for a period of time that will meet the required
sensitivity. Print gamma spectrum and/or store the spectrum on
the appropriate computer-compatible device.

5. Calculations

The equations (Sections 4 and 5) describe the fundamental re-
lationships between the defined variables and could be used if the
calculations were to be performed manually. Nal spectral data,
with their high probability for peak overlap due to low resolution,
often require complex peak unfolding routines. Modern gamima
spectroscopy systems rely on vendor-supplied computer software
to process the 256 to 500-plus (for Nal systems) and up to 8000
(for Ge systems) data poinis. The supplied software should be
accompanied by documentation describing the algorithms, which
must incorporate the fundamental relationships presented here.

Determine isotopes indicated by the gamma spectrum as fol-

s: Identify all photopeak energies, integrate photopeak regions

the spectrum and subtract the area under the baseline contin-

to determine the true photopeak area, and identify isotopes

by their appropriate photopeaks, and ratios to each other when
more than one gamma photon is emitted by an isotope.

Calculate the sample radionuclide concentrations as follows:

C

A I XBXEXVXe™

where:

A’ = sample radionuclide concentration, pCi/L,
V = sample volume, L,
e~™ = decay factor (corrected o sample collection time), with A =
decay constant for the gamma-emitting radionuclide being an-
alyzed, and ¢+ = duration of time from sample collection to
counting;
2.22 = conversion factor from dpm to pCi,

and B, C, and E are as defined in § 4a above. Calculate the 20
counting error term for gammma-emitters as follows:

C + 2G
tc
222 X BXEXV Xe™

2

20, pCilL =

here:

G = photopeak area below continuum, cpm,
t. = counting duration, min,

and other terms are as defined above.

RADIOACTIVITY (7000)

Report the result and counting error together in the form:
X + 20, pCGilL

Vendor-supplied software usually can calculate a Total Prop-
agated Uncertainty (TPU). If so, the 20 value reflects the total
uncertainty and not just the counting error. The vendor-supplied
software also should calculate a Minimum Detectable Concentra-
tion (MDC) (see Section 7020C.3 for a general discussion). Re-
port concentration, nncertainty, and MDC for each sample.

6. Quality Control .

See Section 7020.

a. Duplicates: Make duplicate analyses for one out of every
ten samples. (See Section 7020A.3¢.) If it is known or strongly
suspected that the sample(s) contain no detectable gamma-emit-
ting radionuclides, do not use the sample(s) for duplicate analysis.
In such a case, rely on the results of known-addition samples as
described below. If desired, analyze known-addition samples in
duplicate.

b. Known-addition sample: Analyze a known-addition sample
for one out of every ten samples. This may be freshly prepared,
or it may be a previously analyzed standard sample such as a
performance evaluation sample from EPA-Las Vegas. See Section
7020A.3d.

c. Background: See Section 7030B.5¢3) and 7020A.3b. Find
and identify any background lines that may be present. If present,
subtract the background counts line by line from the sample pho-
topeaks. Even if background does not significantly affect results,
monitor it to ensure system integrity. Weekly background counts
for durations longer than normal sample counting durations may
be needed to quantify low-level activity from nuclides such as
cobalt-60. L

d. Energy calibration: Check the energy calibration daily or
before each use with a multi-line source as in § 4a above.

e. Efficiency check: Check detector efficiency daily or before
each use with a stable multiline source in a reproducible geom-
etry.
. Records: Collect and maintain results from duplicate pairs
and check standards. Include date, results, analyst’s name, and
any comments relevant to the evaluation of these data.

7. Precision and Bias

The precision of an individual measurement by gamma spec-
trometry can be improved by increasing sample counting duration.
It may be necessary to gamma count for as much as 1000 min to
reach desired precision. Other ways of increasing precision of an
individual measurement are to increase sample volume, use a
more efficient detector; or concentrate the sample. To obtain ac-
curate results, calibrate carefully and use standardized radionu-
clides at the proper activity and purity levels.

Collaborative test data for a closely defined technique or pro-
cedure were not available for gamma-emitters in water. However,
data from USEPA’s Environmental Radioactivity Performance
Evaluation Studies Program are presented here, Table 7120:1 is a
summary of the recovery, within-laboratory variance, S, and to-
tal-error variance, Sg, regression line equations for each gamma-
emitter studied. These data are from the analysis of gamma-emit-
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.‘, between-laboratory standard deviation (1 o), also known as
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TasLE 7120:1. GaMMa-EMITTERS RECOVERY AND PRECISION ESTIMATE REGRESSION LINE EQUATIONS

S, Sk

Nuclide Recovery pCi/L pCi/L
Iodine-131* y = 1.013x — 0.64 y = 0.033x + 1.82 y = 0.073x + 2.66
+ Cesium-137 y = 1.004x + 0.79 y = 0.024x + 1.40 y = 0.049x + 193
Cesium-134 y = 0.919x + 0.60 y = 0.028x + 1.25 y = 0.058x + 1.67
Barium-133 y = 0938 + 2.82 y = 0.024x + 149 y = 0.064x + 1.78
Ruthenium-106 y = 0.928x + 2.33 y = 0.051x + 3.67 y = 0.072x + 7.27
Zinc-65 y = 1.016x + 0.49 y = 0.029x + 2.61 y = 0.054x + 3.74
Cobalt-60 y = 0986x + 0.79 y = 0.023x + 1.35 y = 0.045x + 1.94
Chromium-511 y = 0.997x + 0.30 y = 0.058x + 3.99 y = 0.081x + 8.67

* Analyzed singly as a separate study from the other gamma-emitters.

1 No longer used.

ting radionuclides in standard samples by participants in the pro-

gram from 1981 to 1995. 1t is not possible to say how many

investigators used Nal(T1) detectors in the early years of the data
collection period. It is believed that most, if not all, are now using

germanium detectors, and that the data are comparable among all

participating laboratories. The gamma spectral data from the

Gamma Performance Evaluation and Blind Samples from Feb-

ruary 1981 through November 1995 (April 1981 through October

1995 for iodine-131) were summarized by study and the data were
arrayed for analyses. See Table 7120:11.
Regression equations were generated for: recovery, grand av-

erage of each study; estimate of precision, standard deviation (1
o) of the mean value of each study, Sz; within-laboratory standard

deviation (1 o), also known as the repeatability or random error,

e systematic error, Sy; and total error from within and between

2. AMERICAN SOCIETY FOR TESTING AND MATERIALS. 1992. Standard
Method for High-Resolution Gamma-Ray Spectrometry of Water. An-
nual Book of ASTM Standards - Part 11, Water and Environmental
Technology, 11.02 D 3649-91. American Soc. Testing & Materials,
Philadelphia, Pa.

3. Gmorg, G. & J.D. HeEMINGWAY. 1995. Practical Gamma Ray Spec-
trometry. John Wiley & Sons Ltd., Chichester, England.

4. INsTrTUTE OF ELECTRICAL AND ErectrONIC ENGINEERS. 1978. IEEE
Standard Techniques for Determination of Germanium Semiconductor
Gamma Ray Efficiency using a Standard (Re-cntrant) Beaker Geom-
etry. IEEE Standard 680-1978. Inst. Electrical & Electronic Engineers,
Piscataway, N.J.

5. AMERICAN'NATIONAL STANDARDS INSTITUTE. 1991. Calibration and Use
of Germzdium Detectors for Measurements of Gamma-Ray Emission
of Radionuclides. ANSI N42.14-1991 (revision of ANSI N42.14-
1978). American National Standards Inst., New York, N.Y.

labs, also known as reproducibility, Sg. Sk equals the square root
of the sum of the variance of the within-laboratory error and the

between-laboratory error, i.e., the reproducibility variance is equal

9. Bibliography

to the sum of the random variance and the systematic variance.
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No. of Concentration Range No. of No. of No. where

Nuclide Studies* pCi/L Participantst Acceptables} o+ 0§
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total error variance.
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7500-Cs RADIOACTIVE CESIUM*

7500-Cs A.

Radioactive cesium has been considered one of the more haz-
ardous radioactive nuclides produced in nuclear fission. Upon in-

* Approved by Standard Methods Committee, 1993.

Introduction

gestion, like potassium, cesium distributes itself throughout the
soft tissue and has a relatively short residence time in the body.
Half-lives of '**Cs and '¥'Cs are 2 and 30 years, respectively,
both being beta- and gamma-emitters.

7500-Cs B. Precipitation Method

1. General Discussion

’rinciple: If the activity of cesium is high, radioactive cesium

be determined directly by gamma-counting a large liquid sam-

e (4 L) or the sample can be evaporated to dryness and counted.

For lower-level environmental samples, add cesium carrier to an

acidified sample and collect the cesium as phosphomolybdate.

This is purified and precipitated as Cs;PtClg for counting. If total

radiocesium determined by beta-counting exceeds 30 pCi/L, de-
termine '34Cs and '3’Cs by gamma spectrometry.

2. Apparatus

a. Magnetic stirrer with TFE-coated magnet bar.

b. Centrifuge, bench-size clinical, and centrifuge tubes.

c. Filter papers* and glass fiber filter, 2.4 cm diam.

d. pH paper, wide range, 1 to 11 pH.

e. Filtering apparatus: See Section 7500-Sr.B.2c.

f. Counting instruments: Use either a low-background beta
counter (see Section 7030B.1) or a gamma spectrometer (see Sec-
tion 7030B.5).

3. Reagents

a. Ammonium phosphomolybdate reagent, H2Mo0,2N3040P:
Dissolve 100 g molybdic acid (85% MoO,) in a mixture of 240
mL distilled water and 140 mL conc ammonium hydroxide
“NH,OH). When solution is complete, filter and add 60 mL conc

ic acid (HNO,). Separately mix 400 mL conc HNO; and 960
distilled water. After both solutions cool to room temperature,

‘Whatman No. 41, 9 cm diam; Whatman No. 42, 2.4 cm diam; or equivalent.

add, with constant stirring, the (NH4)sMo,O;, solution to the
HNO; solution. Let stand for 24 h. Filterf and discard insoluble
material.

Collect filtrate in a 3-L beaker and heat to 50 to 55°C (never
above 55°C). Remove from heating unit. Add 25 g sodium di-
hydrogen phosphate (NaH,PQ,) dissolved in 100 mL distilled wa-
ter, stir occasionally for 15 min, and let settle (approximately 30
min). Filter and wash precipitate with 1% potassium nitrate
(KNO5) and finaily with distilled water. Dry precipitate and paper
at 100°C for 3 to 4 h. Transfer solid (NH,);PMo,,04 to a weigh-
ing bottle and store in a desiccator.

b. Chloroplatinic acid, 0.1M: Dissotve 51.8 g H,PtCls-6H,0 in
distilled water and dilute to 1000 mL.

¢. Cesium carrier: Dissolve 1.267 g cesium chloride (CsCl) in
distilled water and dilute to 100 mL; 1 mL = 10 mg Cs.

d. Calcium chloride, 3M: Dissolve 330 g CaCl, in distilled
water and dilute to 1000 mL.

e. Ethanol, 95%.

J. Hydrochloric acid, HCI, conc, 6N, 1IN.

8. Sodium hydroxide, NaOH, 6N.

4. Procedure

a. To a 1-L sample, add 1.0 mL cesium carrier and enough
conc HCI to make the solution about 0.1N HCI (about 8.6 mL).
Slowly add 1 g (NH,4):PMo;,04 and stir for 30 min using a
magnetic stirrer at 800 rpm. Let precipitate settle for at least 4 h
and discard supernatant by decanting or using suction (provided
by an inverted glass funnel connected to a vacuum source). Using
a stream of 1N HCI, quantitatively transfer precipitate to a cen-

1 Whatman No. 42 filter paper or equivalent.
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Uranium
. 1. Method 7500-U B, “Radiochemical Method”

2. Method 7500-U C, “Isotopic Method”
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‘where:

C = gross counting rate for sample, cpm,

B = background counting rate, cpm,

E = counting efficiency, (S — B)/D,

S = gross counting rate for standard solution, cpm, and

D = tritium activity in standard sample, dpm, cotrected for decay
to time of counting.

b. Calculate the counting error at the 95% confidence level
based on the equation for o(R) given in Section 7010G. A total
count of 40 000 within 1 h for a background count rate of about
50 cpm gives a counting error slightly in excess of 1% at the 95%
,sonfidence level.

§., ‘Erf;_pision and Bias

* Samples with tritium activity above 200 L)C:/mL can be ana-
Iyzed with precision of less than +6% at the 95% confidence
level and those with 1 pCi/mL can be analyzed with a precision
of less than +10%.
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7500-U

7500-U A.

1. Occurrence

Uranium, the heaviest naturally occumng element, is a mixture
of three radioactive isotopes: uranium-238 (99.275%), uranium-
235 (0.72%), and uraniom-234 (0.005%). Most diinking-water
solifces, especially ground waters, contain soluble carbonates and
bicarbonates that complex and keep uranium in solution.

2. Selection of Method

Method B, a radiochemical procedure, determines total uranium
alpha activity without making an isotopic uranium analysis.
Method C is a radiochemical procedure that determines the iso-
topic content of the uranium alpha activity; it is consistent with
determmmg the differences among naturally occurring, depleted,
and enriched uranium.

e

* Approved by Standard Methods Committee, 1996.
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7500-U B. Radiochemical Method

.. General Discussion
a. Principle: The sample is acidified with hydrochloric or nitric

acid and boiled to eliminate carbonate and bicarbonate ions. Ura-
nium is coprecipitated with ferric hydroxide and subsequently
sepdrated. The ferric hydroxide is dissolved, passed through an
anion:exchange column, and washed with acid, and the uranium
is eluted with dilute hydfochloric acid. The acid eluate is evap-
orated to near dryness, the residual salt is converted to nitrate,
angd the alpha activity is counted.

b. Interference: The only alphia-emitting radionuclide that may
be carried through this procedire is protactinium-231. However,
this isotope, which is a decay product of uranium-235, causes
very little interference. Check reagents for uranium contamination
by analyzing a complete reagent blank.

c. Sampling: Preserve sample. by adjusting its pH to <2 with
HCl or HNO; at time of collection.

2. Apparatus

a. Counting instrument, gas-flow proportional or alpha scintil-
lation counting system.

b. Ion-exchange column, approximately 13 mm ID X 150 mm
long with 100-mL reservoir.

c. Membrane filter apparatus, 47-mm diam.

3. Reagents

a. Ammonium hydroxide, NH,OH, 5N, 1%.

b. Anion-exchange resin.*
c. Ferric chloride carrier: Dissolve 9.6 g FeCl;-6H,O in 100
mL 0.5N HCl; 1 mL. = 20 mg Fe**.

d. Hydriodic acid, H1, 471%.

e. Hydrochloric acid, HCl, conc, 8N, 6N, 0.1N.

f- lodic acid, 1 mg/mL: Dissolve 100 mg HIO; in 100 mL 4N
HNO;.

g. Nitric acid, HNO,, conc, 4N.

h. Sodium hydrogen sulfite, 1%: Dissolve 1 g NaHSO; in 100
mL 6N HCL

i. Uranium standard solution:1 Dissolve 177.3 mg natural un-
depleted pranyl acetate, UQy(C,H30,),:2H;0, in 1000 mL 0.2N
HNO;; 1 mI, = 100 pg U = 150 dpm U = 67.6 pCi U. NotE:
Commonly available uranyl salts may be formed from depleted
uranium; verify isotopic composition before use.

4. Calibration

Determine counting efficiency, E, for a known amount of ura-
nium standard solution {about 750 dpm) evaporated from 6 to 8
mL of 1 mg/mL HIO; solution in a 50-mm-diam stainless steel
planchet. After flaming planchet, count for at least 50 min. Run
a reagent blank with the standard portions and count.

* Dowex 1X4, 100-200 mesh, chloride form, or equivalent.
1 Standard radioactive-solutions with uranium isotopes in equilibrium are available
for participants in the performance cvaluition studies program from the U.S. En-
‘ronmental Protection Agency, NRA/STD, P.O. Box 93478, Las Vegas, NV
93. A uranium oxide assay standard, CRM 129, is available for purchase from
. Department of Energy, Chicagio Operations Office, New Brunswick Labora-
, D-350, 9800 South Cass Avenue, Argonne, IL 60439,

C - B
D

Counting efficiency, E =

where:

C = graoss alpha count rate of standard, cpm,
B = alpha backgtound count rate, cprn, and
D = disintegration rate of uranium standard, dpm.

Determine uranitim recovery factor by adding a measured
amount of uranium standard to the same volume of sample and
taking it through the entire procedure. Alpha count the separated,
evaporated, and flamed uranium planchet. Determine the recovery
factor on at least 10% of all drinking water samples. For non-
drinking watet samples, it may be necessary to determine the
recovery factor in évery sample.

C' — B
DE

Recovery factor, R =

where:

C’ = gross count rate of sample with added uranium, cpm,
B’ = count of reagent blank, cpm,

D = disintegration rate of uranium standard, dpm, and

E = counting efficiency.

5. Procedure

a. If the sample has not been acidified, add 5 mL conc HCl or
HNO; to 1 L sample in a 1500-mL beaker. Add 1 mL FeCls
carrier. In each batch of samples include a distilled-water blank.
Cover with watch glass and heat to boiling for 20 min. If pH is
greater than 1, add conc HCI or HNOj; dropwise to bring pH to
1. While sample is box]‘;kng gently add 5N NH,OH from a poly-
ethylene squeeze bottle With the delivery tube inserted between
the watch glass and the beaker lip. Add SN NH,OH until turbidity
persists while boiling continues; then add 10 mL more. Continue
boiling for 10 min more, then set aside for 30 min to cool and
settle. After sufficient settling, decant and filter supernate through
a 47-mm, 0.45-pm membrane filter using a large filtering appa-
ratus. Shurry the remaining precipitate, transfer to the filtering
apparatps, and, filter with suction. Complete transfer, using 1%
solution of NH40H dehvered from a polyethylene squeeze bottle.
Place filtegng ;apparatus over a clean 230-mL filtering flask, add
25 mL 8) HCl 1o dissolve precipitate, and filter. Wash filter with
an additional 25 mL 8N HCL. (Alternatively, use centnﬁlgauon in
place of filtration as in 9500-U.C 4a.)

b. Prepare an jon-exchange column by slurrymg the anion-
exchange resin with 8V HCl and pouring it into 4 13-mm-ID
column to give a resin bed height of about 80 mm. Transfer so-
lution to the 100-mL reservoir of the jon-exchange column. Rinse
side-arm filtering flask twice with 25-mL portions of '8N HCI.
Combine in the 1on»exchange reservoir. Pass sample solution
through the anion-exchange column at a flow rate of not more
than 5 mL/min. After sample has passed through columi, “elute
the iron (and plutonium if present) with six column volumes of
freshly prepared 8N HCI containing 1 mL 47% HI /9 mL 8N HCL
Wash column with two additional column volumes of 8N HCL
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URANIUM (7500-U)/isotopic Method

Discard all washes. Elute uranium into a 100-mL beaker with six
column volumes of 0.1N¥ HCI. Evaporate acid eluate to near dry-
ness and convert residue to the nitrate form by three successive
ti¢atments with 5-mL portions of conc HNO;, evaporating to near
dryness each time. Do not bake. Dissolve residue (of which there
may be very little visible) in 2 mL 4N HNO;. Using a transfer
pipet, transfer to a marked planchet. Complete transfer by rinsing
bedker three times with 2-mL portions of 4N HNO;. Evaporate
planchet contents to dryness under a heat lamp, flame to remove
traces of HIO;, cool, and count for alpha activity.

¢. To regenerate anion-exchange resin column, pass three col-
uinn volumes of 1% NaHSO; in 6N HCI through the column,
follow with six column volumes of 6N HCI, and then three col-
umn volumes of distilled water. Do not let resin become dry.
When ready for the next set of samples, equilibrate by passing
six column volumes of 8V HCI through the column.

7500-U C.

1. General Discussion

a. Principle: The sample is acidified with'Bydrochloric or nitric
zy;yj and uran1um-232 is added as an isotopic tracer. Uranijum is
separated as in the radiochemical method (see Section 7500-U.B)
and is electrodeposited onto a stainless steel disk for counting by
alpha pulse height analysis using a silicon surface barrier detector.

b. Interferences: The only alpha-emitting radionuclide that may
be carried through the procedure is protactinium-231. The pres-
ence of this radionuclide can be determined from the alpha spec-
trum and the interference subtracted. Check reagents for uranium
contamination by analyzing a complete reagent blank.

c. Sampling: Preserve sample by adjusting its pH to <2 with
HC1 or HNOs at the time of collection.

2. Apparatus

a. Counting instrument, alpha spectrometer (see 7030B.4), giv-
ing a resolution of 50 keV (FWHM) or better and having a count-
ing efficiency greater than 15%.

b. lon-exchange column, 13 mm ID X 150 mm long with 100-
ml. reservoir.

¢. Electrodeposition apparatus as shown in Figure 7500-U:1.
Although the electrodeposition cell is surrounded by water the
water is not circulated because cooling is unnecessary. The cath-

e slide has mirror finish, is 0.05 cm thick, and has an exposed

électrodeposition area of 2 cm?. The anode is a 1-mm-diam plat-
intitn' wire with an 8-mm-diam loop at the end above the cathode.

d. DC power supply, 016 12 V at 0'to 2 amp, for electrodep-
osition.

e. Centrifuge, capable of handling 100-mL or larger centtifuge
bottles.

3. Reagents

. In addition to reagents d through g from Section 7500U_B, the
following are needed:
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6. Calculations

C” - B’

. tivity, pCiL =
Uranium alpha activity, pCi/L 322 ¥ ERV

where:

C" = gross count rate of sample, cpm,
V = volume of sample, L, and other factors are as defined above.

7. Precision and Bias

In a-tollaborative study, three sets of triplicate samples with
known additions of uranium were analyzed by 18 laboratories.
The average recovery was 91.5%. The estimated average 95%
repeatability interval was 29.3% of the uranium concentration
over the range of 8 to 75 pCi/L. The estimated average 95%
reproducibility interval was 37.2% over the same range.

Isotopic Method -

je—2in. ID —»
Micro bell glass* :

]
Liquid scintillation :
counting polyethylene |
vial, 25 mL net "\
capacity, with bottom i

cut off, containing | ' anode
electrolyte solution =
K r_

N Stainless

steel slide
Brass screw cap i B eel slde,
machined to fit 4in. s " %in. diam

25-mL polyethylene
vial, with Y& in. diam
by % in. long tube

protruding from base
of cap
\j
——————— Rubber
Stainless steel tubing, <—— stopper,
size 2

% in. OD by 2% in. long;
electrical connection
to cathiode made here

—_

Figure 7500-U:1. Electrodeposition apparatus. To obtain dimensions in
centimeters, multlply dimensions in inches by 2.54.

a. Ammonium hydroxide, NH4OH, 5N, 1.5N, and 0.15N.

b. Anion-exchange resin.*

c. Ethyl alcohol, made slightly basic with a few drops of conc
NH,OH/100 mL.

d. Preadjusted electrolyte, (NH4),8O04, 1M, adjusted to pH 3.5
with conc NH,OH and conc H,SO,.

e. Sulfuric acid, H,SO,, conc, 3.6N.

* Bio Rad AGI-X4, 100-200 mesh, chloride form, or equivalent.
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J. Sodium hydrogen sulfate, about 5% in 18N H,S50,. Dissolve
‘0 g NaHSO,4-H,;O in 100 mL water and carefully add 100 mL
nc H,SO;4.

g. Thymol blue indicator, sodium salt, 0.04% solution.

h. Uranium-232 tracer solution, 10 dpm/mL in 1IN HNO;: If
possible use a 232U standard solution from, or traceable to, the
National Institute for Standards and Technology (NIST). Stand-
ardize a freshly purified solution of 22U by thoroughly mixing a
known amount with a known amount of another uranium stand-
ard such as 2*U or natural uranium, and electroplating the mix-
ture. Determine specific activity of the 222U solution from an
alpha pulse height analysis of the electroplated mixture. Alter-
natively, evaporate weighed portions of a freshly purified 222U
solution (frge of HCI) on stainless steel slides and count with a
2m proportional counter. Determine efficiency of the 27 counter
accurately with a:NIST alpha-particle standard. When using this
standard, correct for resolving time and backscattering if neces-

sary.
4. Procedure

a. If the sample has not been acidified, add 5 mL con¢ HCl or
conc HNOs to 1 L sample in"a 1500-mL beaker. Mix and check
pH. If pH is greater than 1, add conc HCI or HNO; dropwise to
bring the pH to 1. Add 1.0 mL vuranium-232 tracer solution and
1 mL FeCl; carrier. Cover, boil, add NH,OH, cool, and let settle
as directed in 7500U.B.5q. Decant supemate, being careful not to
remove any precipitate. Slurry precipitate and supernate and trans-
fer to a centrifuge bottle. Centrifuge and pour off remaining su-
pernate. Dissolve precipitate with 8N HCL. Dilute to approxi-

rately 50 mL with 8N HCL
b. Prepare ion-exchange column and transfer sampie solution
o reservoir as directed in 7500U.B.5b. Rinse centrifuge bottle
twice with 25-mL portions of 8N HCI, and add rinse to the res-
ervoir. Follow anion-exchange and uranium-elution procedures of
75001.B,5b. Evaporate sample to about 20 mL and add 5 mL
conc HNO;. Evaporate sample. to near dryness.

¢. Add 2 mL 5% NaHSO; solution. Add 5 mL conc HNO;,
mix well, and evaporate to dryness but do not bake. Warm and
dissolve in 5 mL preadjusted electrolyte. Transfer to electrodep-
osition cell using an additional 5 t6 10 mL electrolyte in small
increments to rinse the sample beaker. Add 3 or 4 drops thymol
blue indicator solution. If the color is not $almon pink, add 3.6N
H,SOy4 (or conc NH,OHX until this color is obtained, Place plat-
inum anod&'in solution so that it is about 1 cm above the stainless
steel slide that serves as the cathode. Connect electrodes to power
supply and adjust to give a current of 1.2 amp (constant current
power supplies will not require fyrther agjystments during elec-
trodeposition). Continue electrodeposition for.1 h. When electro-
deposition is to be ended, add 1 mL conc NH,;OH and continue
for 1 min. Remove anode from cell and then turn off power.
Discard solution in cell and rinse two or three times with 0.15N
NH,OH. Disassemble cell and wash slide with ethyl dlcohol that
has been made basic with NH,OH. Dry slide over a hot plate.
Measure activity of the uranium isotopes using an alpha spec-

trometer (see 7030B.4) within a week of preparation.t

* Electrodeposition was the recommended techtiique for alpha spectroscopy source
»paration in the collaborative test of this method. A number of laboratories are
cremtly using a rare earth fluoride co-precipitation technique for alpha spectros-

y source preparation. If adequate resolution can be obtained, the rare earth

Puoride source preparation should be adequate as an alternative to electrodeposi-

ton.

RADIOACTIVITY (7000)

5. Calculations .

a. Determine total counts for each uranium isotope by summing
the counts in the peak at the energy corresponding to the isotope:
If two isotopes are close in energy, complete resolution may net
be possible. Subtract background from each peak. Make a blank
correction for each peak, if necessary.

b. Calculate concentration of each uranium isotope as follows;

.- - Cl X A:,
U, pCill. = 222 X CV

where:

U; = concentration of uranium isotope being determined,

C; = net sample counts in the energy region comresponding to ura-
nium isotope being measured,

A, = activity of added uranium-232 tracer, dpm,

C, = net sample counts in the energy region corresponding to ura-
nium-232 tracer, and

V = sample volume, L.

6. Calibratibn

To calculate uranium recovery, determine absolute counting ef-
ficiency (E) of the alpha spectrometer. To determine efficiency
count a standard source of a known alpha act1v1ty having the same
active area as the samples.

where:

C = gross count rate in the energy region corresponding to the éd-
ergy of the standard, cpm,

B = background count rate in the energy region cortresponding o
the energy of the standard, cpm, and

D = disintegration rate of standard, dpm.

G
t X AE

Recovery factor, R =

where:
t = sample counting time, min.
7. Precision and Bias

In a collaborative study, four sets of duplicate samplgss wxﬁ(l
known additions of uranium isotopes were analyzed by exgy"iab—
oratories. Results ‘agreed within 5% of the reference vahiss, £X-
cept for very low concentrations of uranium (concentréhons
proaching MDL due to background). Levels less than Q.1 pCiﬁ.
can be detected by this method.
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